TENNESSEE VALLEY AUTHORITY

CHATTANOOGA, TENNESSEE 37401

5N 1578 Lookout Place
December 16, 1985

Director of Nuclear Reactor Regulation
Attention: Mr. B. J. Youngblood, Project Director
PWR Project Directorate No. 4
Division of Pressurized Water Reactor (PWR)
Licensing A
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Mr. Youngblood:

In the Matter of the Application of ) Docket Nos. 50-390
Tennessee Valley Authority ) 50-391

Please refer to R. H. Shell's letter to E. Adensam dated November 19, 1985
concerning an additional diesel generator unit (ADGU) at the Watts Bar Nuclear
Plant (WBN). :

The letter committed to provide NRC with FSAR and technical specification
changes for the ADGU in order to enable NRC to complete the necessary licensing
reviews to permit ADGU operability by unit 1 fuel load. Enclosure 1 is the
technical specification changes with justification and enclosure 2 is the FSAR
changes. The FSAR changes will be included in Amendment 58 to the WBN FSAR
which is scheduled to be submitted by the end of January 1986.

The tiﬁéfﬁnéss of thig submittal has been previously discussed.with Tom Kenyon
of your staff.

If there are any questions, please get in touch with K. P. Parr at
FTS 858-2680. ,

Very truly yours,

2200037 851216 | , TENNESSEE VALLEY AUTHORITY
ggé ADOCK 050083;0

A <
N HGFhan '
, Maer of Libensing

Sworn Zggd subscribed before me
this day Qf 1985

r
7/

Notary Public - '
My Commission Expiresg‘*o?fl«g Z
Enclosures
cc: U.S. Nuclear Regulatory Commission (Enclosures)
Region I1I
Attention: Dr. J. Nelson Grace, Regional Administrator
101 Marietta Street, NW, Suite 2900 BDO,
Atlanta, Georgia 30323

An Equal Opportunity Employer \ ‘



Justification for Technical Specification Changes

Background |

As currently designed, all four diesel generators are required to satisfy
the licensing design basis accidents while assuming a single failure.
When any one of the four trained diesel generators (1A-A, 2A-A, 1B-B,
2B-B) is declared inoperable, the ACTION statements of Limiting Condition
for Operation (LCO) 3.8.1.1 allow only 72 hours to return all diesel
generators to operability. This time constraint limits the magnitude of
any maintenance and/or repair that can be completed while either nuclear
unit is at power, Operating experience at TVA's Sequoyah Nuclear Plant
has indicated there is a significant probability of exceeding this
72~hour limit and incurring the cost of lost production due to a forced
unit shutdown. The addition of the C-S diesel generator will preclude
this loss of production by providing an alternate which can be
substituted for any trained diesel generator. Also, the substitution of
a program of demonstrated diesel generator reliability for a reduction in
the frequency of fast starts required by technical specifications will
reduce the probability of having a diesel generator inoperable.

Justification

The attached technical specification changes will allow the substitution
of the C-3 diesel generator set for any one of the trained diesel
generator sets, '

The following LCOs have been modified to ensure operability of necessary
subsystems when the C-§ diesel generator is required: :

3.8.1.1 AC Power Sources, Modes, 1, 2, 3, 4
3.8.1.2 AC Power Sources, Modes 5, 6
3.7.11.2 _ " Fire Protection

3.7.11.4 Hose Stations _

3.8.4.2 ' Thermal Overload Bypass Devices
3.7.13 - Area Temperature Monitoring

LCO 3.3.3.7, "Fire Detection Instrumentation," has already been changed
to include the fire and smoke detectors in the additional diesel
generator building.

The surveillance requirements associated with these LCOs have been

divided into two categories, those required to be performed reqularly and

those performed only when the C—g diesel generator is replacing another

diesel generator. The following surveillance requirements will be

performed on a regular schedule to demonstrate the availabhility of the -
C-$ diesel generator to be substituted for one of the other diesel

generators: ‘

4.3.3.7.1, 4.3.2.7.2, 4.3.3.7.3 Fire Detection Instrumentation
4.7.11.1, 4.7.11.2, 4.7.11.4 Fire Protection

4.8.1.1.2.a.1, 2, 3 Diesel Generator Testing
4.8.1.1.2.b through h Diesel Generator Testing
4.8.1.1.3, 4.8.1.1.4 Diesel Generator Testing
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Failure of one of these surveillance requirements when ‘the C~S diesel
generator is not being used to satisfy LCO 3.8.1.1 or 3.8.1.2 only
renders the C-8 diesel generator unavailable to be substituted. The
operability of the emergency AC power system will not be affected.
Surveillance requirements 4.8.1.1.2.a.4, 5, and 6, and 4.7.13 will be
used to demonstrate the operability of the C~§ diesel generator when it
is substituted for one of the trained diesel generators. Also,
surveillance requirement 4.8.4.2 will be performed on the C-S diesel
generator essential raw cooling water supply valves (1-FCV-67-72 and
2-FCV-67-73) when the C-§ diesel generator is substituted for one of the
other diesel generators. The bypass of the thermal overload devices for
these valves uses the components from whichever diesel generator the C-§
diesel generator is replacing; therefore, performing this test for the
other diesel generators verifies the operability of the thermal overload
bypasses for valves 1-FCV-67-72 and 2-FCV-67-73.

Also included in this proposal are changes required to implement a diesel
generator reliability improvement program in accordance with the
recommendations of Generic Letter 84~15. These changes substitute a
program of demonstrated diesel generator reliability for a reduction in
the frequency of fast starts required by technical specifications. One
change which differs from the example presented in Generic Letter 84-15
is in Table 4.8~1. The generic letter has a requirement to declare the
diesel generator inoperable when thére have been 5 failures in 20 valid
tests or 11 failures in 100 valid tests. The reliability action then
requires the performance of a requalification test on the diesel
generator. The requalification test assumes the diesel generator is
operable but no criteria has been provided to determine operability
before starting the test. The requirement to declare the diesel
generator inoperable before performing the requalification test is
confusing and the criteria specified in the requalification test is
sufficient for declaring the diesel generator inoperable and requiring
the plant to shutdown. Also, included is a new action statement to
address inoperability of a diesel generator due solely to low fuel tank
levels. The increased time limit will allow a reasonable amount of time
to test fuel oil in the yard storage tank before transfer to the diesel
generator fuel tanks. The requirement to start all diesel generators
does not give added assurance that low fuel levels will not hamper their
performance. The required engine start will use up remaining fuel oil
which may be needed during a loss of offsite power.

This program for reducing the number of unnecessary diesel engine starts
and allowing sufficient time to perform vendor-prescribed preparations
before a diesel engine start will reduce the wear on components and
increase diesel generator reliability. The proposed technical
specification changes do not require the C-§ diesel generator to be
available at all times; therefore, it cannot be relied upon to mitigate
the consequences of a loss of offsite power. However, realistically with
the C-S diesel generator available and increased diesel generator
reliability, the probability of a prolonged loss of all AC power will
decrease.
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O SPRAY AND/QOR SPRINKLER SYSTEMS ?E%%&; %Rg??

“— )
LIMITING CONDITION FOR OPERATION
3.7.11.2 The following Spray and/or Sprinkler Systems shall be OPERABLE:
a. Reactor building - RC pump area, Annulus;
b. Auxiliary building - Elev. 652, 713, 729, 737, 757, 772, 782,
ABGTS Filters, EGTS Filters, Purge Fj ters, 125 VY Battery Rooms;
c. Control bqi1ding - Elev. 592, Cable spreading room, MCX ajr filters
and Operator living area;
d. Oiesel building - Corridor area;
e. Turbine building - Contro) building wail; ang
f.  ERCW pumping station (Intake). /4"‘53":t 3
Q. &=
APPLICABILITY: Whenevar equipment protected by the Spray/Sprirkier System is
required to be QOPERAS'E. - '
ACTION:
' a. With cne or more of the above required Spray and/or Sprinkler Systems

inoperabie, within 1 hour establish a continuous fire watch with
backup fire suppression equipment for those areas in which redundanz
systems or components could be damaged; for other areas, establish an
hourly fire watch patrol.

b. The provisions of Specifications 3.0.3 and 3.0.4 are rot applicable.

SURVEILLANCE REQUIREMENTS

4.7.11.2 Each of the above required Spray and/or Sprinkler Sys ems shall be
demonstrated OPERABLE:

a. At least once per 31 days by verifying that each test bHle valye
(manual, power-operated, or automatic) in the flow pa.h is in its
correct position,

b. At least once per 12 months by cycling each non-self ‘ndicating
testable valve (accessible during plant operations) i, the flow path
through at least one complete cycle of ful) trave?,

‘  WATTS BAR - UNIT 1 3/4 7-31




3.7.11.2

g. Additional Diesel Building
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Pipe gallery, diesel generator,
fuel oil pump, transformer,
switchgear, and electrical board
rooms.
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TABLE 3.7-3 (Continued)-

FIRE HDSE STATIONS

LOCATION | ELEVATION
Intzke Pumsing Station (ERCW)
Electrical Board Rm. 716
Electrical Board Rm. 716

B Strainer Room 727

A Strainer Room 727

A Fire Pump Room 747

g Fire Pump Room 747

r.

Fiﬁﬁi DRAF

HOSE RACK #

Hou‘.f.'ona/ Diesel Ge;w.ré't'o# Bu.:/olfng

Top ot s'i‘ci.ru.ny
Aie Tatake ieom
R'r Intake room
Bottom o?t 51'0"‘040-/

Diesel jmem"f'or- ~oom

765

765
768
742
742

0-26-16%4
O-2b~ieH7
O-26-1648
O-2&-1649
0-26-1680

&Y 9 e




- FINAL
URArT

TABLE 3.7-4 AUG 20 102
AREA_TEMPERATURE MONITORING

TEMPERATURE
AREA | LIMIT (°F) }
1. Aux Bldg el 772 next to 480V Sd Bd transformer 1A2-A. < 104
2. Aux Bldg el 772 next to 480V Sd Bd transformer 1B1-8. < 104
3. Aux Bldg el 772 next to 480V Rx MOV Bd 1A2-A. < 104
4. Aux Bldg el 772 across from spare 125V vital battery < 104
charger 1-S. -
5. Aux Bldg 21 772 next to 480V Rx MOV 8d 2A2-A. _< 104
6. Aux Bldg el 772 next to 480V Sd Bd transformer 2A2-A. < 104
7. Aux Bldg el 772 next to 480V Sd Bd transformer 282-8. < 104
8. Aux Bldg el 772 next to 480V Rx MOV Bd 2B2-8. < 104
9. Aux Bldg el 772'U1 Hech Equip Room B. < 104
10. Sd Bd room e 757 Ul behind stairs S-A3. < 104
11. Sd Bd room el 757 U2 behind stairs $-A13. : < 104
~ 12. Refueling floor el 757 Ul beside Aux boration makeup tk. < 104
13. Aux Bldg el 737 Ul outside supply fan room. < 104
14. Aux Bldg el 713 Ul across from AFW pdmps. < 104
15. Aux Bldg el 692 Ul outside AFW pump room door. < 104
16. Aux Bldg el 692 U2 near boric acid concentrate < 104
- filter vault.
17. Aux Bldg el 676 next to 0-L-629. , < 104
- 18. Add Equip Bldg Ul el 729 between UHI accumulators. >70 <92
19. Main Control Room south wall.. < 90
20. Main Control Room across from 1-M-9. < 90
21. D/G Bldg el 742 2B-8 D/G room on wall by battery < 120
charger., :
22. D/G Bldg el 760.5 next to 480V diesel Aux Bd 2B1-B. < 120
23. IPS el 741 next to 1A-A ERCW-MCC transformer and board. < 120
24. IPS el 741 in B train ERCW pump room. < 120
25. IPS el 741 next to 2A-A ERCW-MCC transformer and board. < 120
26. Computer room el 708 center of room. > 65 < 75
27. North steam valve vault room Ul Morgan Temp Recorder. > 80 )
28. South steam valve vault room Ul Morgan Temp Recorder, > 80
29. 0/G Bldg el 742 1A-A D/G Room near D/G set > 40
30. D/G Bldg el 742 1B-B D/G Room near D/G set > 40
31. D/G Bldg el 742 2A-A D/G Room near D/G set > 40
32. D/G Bldg el 742 2B-B D/G Room near D/G set > 40
33. Aux. Instrument Room el 708 < 90
WATTS BAR - UNIT 1 3/4 7-41
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' 3/4.8 ELECTRICAL POWER SYSTEMS

~ 3/4.8.1 A.C. SOURCES
OPERATING

LIMITING CONDITION FOR OPERATION

* FINAL DRAET

3.8.1.1 As a minimum, the following A.C.

OPERABLE:
Two physically independent circuits between the offsite tran
network and the Onsite Class 1f Distribution System, and .
b. Four separate and independent diese) generato: setgf each wi

g : ' 1)  Two diesels driving a zommon generator,

electrical power sources shall pe

smission

th:

2) Two separate engine-mounted fuel tanks ccntaining a minimum
volume of 250 gallons of fue] in ¢ach tark,

) 3) A separate 7 day fuel storage tani containing a minimum

of 62,000 gallons of fuel,

4) A separate fuel transfer pump, and

5) A separate 12%-volt DC distribut on panel, 125-volt D.

battery bank and associated charger.
APPLICABILITY: MODES 1, 2, 3, and 4.
ACTION:
" a. With eitner an offsite circuit or diesel generator set of th
) - required A.C. electrical power sources inoperable,*demonstr:

the OPERABILITY of the remaining A.C. sources by performing

volume

o

e above
te

quA,~~ Yion Specification% 4.8.1.1.1a. +Ae—4—8—3—t—2e4> within 1 hour and at
SPQCV*'°°"?4 Teast once per 8 hours thereafterj restore at least two off:ite

W8\l 2o circuils and Tour diesel generator sets to OPERABLE status within ]
within 2 72 hours or be in at Teast HOT STANDBY within the next 6 hours and

howrs | in COLD SHUTDOWN within the following 30 hours.

b.  With one offsit2 circuit and one diesel generator set of the above l
required A.C. electrical power sources inoperable, demonstra‘e

the OPERABILITY of the remaining

. Specificationd 4.8.1.1.1a.
CUQA.::ch on least once per 8 hours thereafter;a _
s 2.‘1'* TTOpaTable sources to OPERABLE status within 12 hours or be in at
ye.\l.= Teast. HOT STANDBY within the nex:.
ud;ﬂ&wx within the following 30 hours.
‘newlS )

A.C. sources by performing
within 1 hour a

nd at

restore at least one of the

6 hours and in COLD SHUTDOWN

Restore at least two offsite
circiits and four diesel generator sets to OPERABLE status within l
72 heurs from the time of initial loss or be in at Jeas: HOT STANDBY

within the next 6 hours and in COLD SHUTDOWN within the following

30 hcurs.

C. With one diesel generator set inoperab]e)in addition thACTI

or b. above, verify that:

* The C-S Diesel Generator set Moy

the. Pe7uireo( diesel 8ener‘a7Lor setls Prov]de&l

O T WATTS BAR - UNIT 1 3/4 8-1
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the requirenerts 3
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opemb’;f}"fy i< 3 ‘

proven \o\/ pervormance o

Sur\/e(((a/wca réegu
q,al.l.z.a.#)zj
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LIMITING CONDITION FOR OPZRATION o | F!NAE' DRAFT
, e g s
’ ACTION (Continued) ‘ _ :

1. A1l required sysiems, subsystems, trains, components and devices
- that depenc on the remaining OPERABLE diesel generatior sets as ¢
: 'source of emergency power are also OPERAELE, and

2. When in MODE 1, 2, or 3, the steam-driven auxiliary feedwater
pump is OPERABLE. ‘ '

If these conditions are not satisfied within 2 hours. be in at 1east
HOT STANDBY within the next 6 hours, and in COLD SHUTDGWN within tre
following 30 hours. =}

g . S -
. With two of the above required offsite‘;éc. cithits inoperable,
e

demonstrate the OPERABILITY of four di 1 generator sets by perfornm-
ing Specification 4.8.1.1.2a.4) within_¥"hourfancd at least once per

8 hours thereafter, unless the diese] generator sets are already oper-
ating: restore at least one of the incperable offsite scurces to
OPERABLE status within 24 hours or be in at least HOT STANCBY within
the next 6 hours. With only one offsite source restored, restcre a-
least two offsite circuits to OPERABLE status within 72 hours fron
time of initial loss or be in at least HOT STANDBY within the next

6 hours and in COLD SHUTDCWN within the fellowing 30 hours.

e. With two or more diese] generator sets inoperadble, demonstrate the
- OPERABILITY of two offsite A.C. circuits by performing Specificaticn
4.€.1.1.1a. within 1 hour and at least once per 8 hours thereafter:
restore at least Diese) Generator Sets 1A-A and 2A-A cr 1B-8 and 2:-:Z -
to OPERABLE status within 2 hours or be in 3t least HOT STANDBY witnin
the next 6 hours and in COLD SHUTDOWN within the following 30 hours.
Restore at least four diesel generator sets to OPERABLE status within
72 hours from time of initial loss or be in ieast HOT STANDEY within
the next 6 hours and in COLD SHUTDOWN within the following 20 hours.

'¥.€-\ \
SURVETLLANCE RgEGYEEEEE}ET‘ZEn&eFf Action £ C&*&xchéc()

v o

4.8.1.1.1 Each of the above required irdependent circuits between the offsive
transmissisn netwsrk and the onsite Class 1f Distribution System shall be:

a. Determined OPERABLE at least ornce per 7 days by verifying correct
breaker alignments, indicated power availability, and

b. Demonstrated OPERABLE at least once per 18 months during shutdcwn Ey
transferring (manually and autematically) power supply from the norez!
circuit to the first alternate circuit.

©.8.1.1.2 Each diesel generator set shall be demonstrated OPERABLE 3

a. In accordance with the frequency specified in Table 4.8-1 on a \
STAGGERED TEST BASIS by:* :

—————————

"A11 diesel generator starts for the purpose of this surveillance test may e
Preceded by an engine prelube period. Further, all surveillance Lests, with
the exception of once per 184 days, may also be preceded by warmup procedures
- (e.g., gradual acceleration and/or gradual loading > 60 sec) as recommended by
(. the manufacturer so that the mechanical stress and wear on Lhe diese) engine

is minimized.
WATTS BAR - UNIT 1 3/4 8-2
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Proposed Action Statement f

With one or more diesel generator sets inoperable solely because the fuel
level in one or more tanks is below the minimum, restore the level to
above the minimum within 24 hours; otherwise comply with ACTION
Statements a, b, or ¢ above as applicable.
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APR ERSE

SURVEILLANCEABEQUIREMENTS (Continueq)

3) The resistance of each cell to terminal connection is less ‘than
Or equal to 150 x 10-6 ohm. ‘

d. At least oncCe per 18 months by verifying that the battery Capacity is
adequate tg supply and maintain in OPERABLE statys all of the actual
or simulated emergency loads for the design duty cycle when the

i battery is subjected to a battery service test;

e. At least once per S0 months by verifying that the battery'capacity is
' at least 80% of the manufacturer!'s rating when subjectad to a per-

At least once per 18 months by giving performance discharge tests of
battery capacity to any battery that shows signs of degradation or
has reached 85y of the service iife expected for the application.
Degradation i Indicated when the battery capacity drops more than
10% of rateq capacity from its average on previous performance tests,

e, PN Al e 1 + ] Il Il bl |
4-8.1 1-4 WCLUUT Lo v [ SR = B gy SC”CIC L= W IUICD, vdar1aq UT IIWVQI IU, M RRI-BEn
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- TOUTT N . woreTTT 13 A" \JUJJ. '\E’Jv’ - T ~ T 8\.!!&!“\-\1[ T AT A ~ T LA SR g - p - o g
Aha o amad oy e meaadad 3 A EHI It ans D tE RN R I Raaislad o, )
wiic rIllVlluu\-lUll T g\_vnunglluuu LR A l\\su‘uuvi‘] PvyaToTroh e Ot l\gg\anub‘-ﬂ"]‘
_G_t‘_;_‘( 310 o] . . bi A 107 I £ a1 [ P - | N +.h b IPNPY
1 %] ~4 - LUU, T\CVIDIUII L, HUSUJ\- -7 T e 47 i IIUIHUCI Ul FaT e ~ LERS LSRR = LIR=n 9
. .
: +
100 v&++é—%es%s—éeﬁ-a per—fuclear—ynit Bas-4-5) H—greater—thanor equal—to1.
+ + 1 ES 3 M &b Al b Y 4 IR
THe—Fepert—shall-bea Supptemented—te HE+ude—the SEET oMt —informration
5 + TR £ Iy RN ol 1 09 Q 1G5~ b
4¥xwmmeaded—+ﬂ—Re§eJ: SFy-—Resition L 3—b—o Regutatory—Guide TS TRevdsien L
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———

,includo:

4.8,1,1,4 Diesel Generatbr.Reliabilitv Improvement Progfag'

As 2 minimum the Reliability Improvement Program report for NRC audit shall

- (a) a summary of all tests (valid and invalid) that occurred within tha tize

period over which the last 20/100 valid tests wore performed

(b)  analysis of failures and determination of root causes of failures:

(c) evaluation of each“of the recommendations of NUREG/CR¥0660 Enhanccmgnt of
-Onsite Emergency Diesel Genmerator Reliability in Operuting Reactors, with
— respect to their applicaticn tc ths Plant

B U o el e—— -

(d). identification.of all actions taken. or. to bo taken to (1) correct the root
:.causes of_ failures defimed in (b) above and (2). nchiovc & goneral
improvement of diesel generator reliability

(e) the schedule for implementation of cach action from (d) nbovc

(f) &an assessment of the existing reliability ‘of oloctric povor to ongincorod-
safety-feature equipment

Once a licensee has prepared and maintained an initial report detailing the
diesge]l generator relisbility improvement program at his site, as defined above,
the licensee need prepare only a supplemental report within 30 days after each
failure duoring a valid demand for so long as the affecied diesel gencrator unmit
contines to violate the criteria (3/20 or 6/100) for the reliability icprovement
program remedial action. The supplemental report need only update the
failure/demand history for the affected diesel gemerator unit since the last

report for that diesel generator., The supplemental report shall also present a:z

analysis of the failure(s) with a root cesuse determimatiom, if possible, aad
shall delineate any further procedural, hardvare or operational cheanges to be
incorporated into the site diesel generator improvoment program snd the schedule
for implementation of those changes, .

In addition to the above, submit a yearly data report on the diesel gemerator
reliability,

I A G Gy e e T S LT
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TABLE 4.8-1
OIESEL GENERATOR TEST SCHEDULE

NUMBER OF FAJLURES IN
LAST 100 VALIG TESTS* PREQUENCY

‘/\
-

least once per 31 days

2 At least once per 14 day;

3 At least once Ber 7 days

2 At least once per 3 days

*Criteria for etermining number of failures and number of\valid
tests shall be in accordance with Regulatory Position C.2.
Regulatory/Guide 1.108, Revision 1, August 1977, where +he
100 tests”are determined On a per nuclear unit basis. For tf
purpose/of this schedule, only valid tests conducted after the
completion of the preoperationa) test requirements of Regulator
Guide 1.108, Revision 1, August 1977, shall be ircluded in the
computation of the “last 100 valid tests."

‘ WATTS BAR - UNIT 1 3/4 8-9




‘Electrical Power Systems .

' - - | . Table 4.8-1 .
(. . Diesel Generator Reliability
No. of Failures in No. of Failures in -
last 20 valid tests* last 100 valid tests* Reliability Actions
jé 1 Test at least once per 31 days
£i 2 v Test at least once per 7 days **
Ei 3 E: 6 Within 30 days prepare a report for
NRC audit, in accordance with
Surveillance Requirement 4.8.1.1.4
25 211 perform a requalification test for the

affected diesel generator pursuant to
the attachment to this table

* Criteria for determining number of failures and number of valid tests shall be in
accordance with Regqulatory Postion C.2.e of Regulatory Guide 1.108, Revision 1, August
1977, where the number of tests and failures are determined on a per diesel generator
unit basisl For the purposes of this test schedule, only valid tests conducted after the
Operating License issuance date shall be included in the computation of the "last 20
valid tests". Entry into this test schedule shall be made at the 31 day test frequency.

‘\* This test frequency shall be maintained until seven consecutive failure free demands
ave been performed and the number of failures in the last 20 valid demands has been
reduced to one or less.
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(L)

(2)

(3)

(4)

(5)

Attachment to Table 4.8-1
Diesel Generator Requalification Program

Perform seven consecutive successful demands without a failure
within 30 days of diesel generator being restored to OPERABLE status
and 14 consecutive successful demands without a failure within 75
days of diesel generator being restored to OPERABLE status.

If a failure occurs during the first seven tests in the
requalification test program, perform seven successful demands
without an additional failure within 30 days of diesel. generator
being restored to OPERABLE status and 14 consecutive successful
demands without a failure within 75 days of the diesel generator
restored to OPERABLE status.

If a failure occurs during the second seven tests (tests 8 through
14) of number 1 above, perform 14 consecutive successful demands
without an additional failure within 75 days of the failure which
occurred during the requalification testing.

Following the second failure during the requalification test
program, be in at least HOT STANDBY within the next 6 hours and COLD
SHUTDOWN within the following 30 hours.

During requalification testing the diesel generator should not be
tested more frequently than at 24-hour intervals. ~

After a diesel generator has been successfully requalified, subsequent
repeated requalification tests will not be required for that diesel
generator under the following conditions: :

(a)

(b)
(c)

The number of failures in the last 20 valid demands is less than
five.

The number of failures in the last 100 valid demands is less than 11.

In the event that following successful requalification of a diesel
generator the number of failures is still in excess of the remedial
action criteria (a and/or b above), the following exception will be
allowed until the diesel generator is no longer in violation of the
remedial action criteria (a and/or b above).

Requalification testing will not be required provided that after each
valid demand the number of failures in the last 20 and/or 100 valid
demands has not increased. Once the diesel generator is no longer in
violation of the remedial action criteria above, the provisions of those
criteria alone will prevail.

0483
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coms  FINAL DRAFT

SHUTDOWN

LIMITING CONDITION FOR OPERATION

3.8.1.2 As a minimum, the following A.C. electrical power sources shall be
OPERABLE: ’

a. One circuit between the offsite transmission network anc the Onsite
Class 1E Distribution System, and ‘

b.  Diesel Generator Sets 1A-A and 2A-A or 1B-B and 28~8x2ach with:
1) Two diesels driving a common generator, _ | ' I

2)  Engine-mounted fuel tanks containing 2 minimum volume of
250 gallons of fuel per tank,

3) A 7-day fuel storage tank containing a minimum volume of
62,000 galions of fuel,

4) - A fuel transfer pump, and . |

5) A separate 125-volt DC distribution panel, 125-voit DC battery
bank, and associated charger.

APPLICABILITY: MODES 5 and 6.

ACTION:

With less than the above minimum required A.C. electrical power sources
OPERABLE, immediately suspend all operations involving CORE ALTERATIONS,
positive reactivity changes, movement of irradiated fuel, or crane operation
with loads over the fue] storage pocl, and within 8 hours, depresiurize and
vent the Reactor Coolant System through at least a 3 square inch vent. In
addition, when in MODE 5 with the Reactor coolant loops not filled, or in
MODE -6 with the water level less than 23 feet above the reactor vessel flange,
immediately initiate corrective action to restore the required sources to
OPERABLE status as soon as possible.

SURVETLLANCE REQUIREMENTS

1.2 The above required A.C. electrical pewer sources shall be demonstrated

ABLE by the performance of each of the requirements of Specifications

+1.1.1, 4.8.1.1.2 (except for Specification 4.8.1.1.2a.5), 4.8.1.1.3, and ]
1.1

F'aren

K The C-35 diesel 3eneﬁa+of <eT ma.y ﬁe subs{';ltu‘(_ecl for a‘n)/ arje ajr\
the required Aiesel jenem+or <ets va‘,aleof OF@ME.H}/ s provett

bY Pev’%*’mance 0‘1t survel Hctvtcjo(é
WATTS BAR - UNIT 1 3/4 8-10 mqu?rem@MLS .81, L.a L{jij
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‘ . ;- ) [4
MOTOR-OPERATED VALYES THERMAL QVERLOAD § 98¢

DEVICES WHICH ARE BYPASSED UNDER

VALVE NO. FUNCTION BYPASS DEVICE
1-FCV-67-95 Cont. Isol. Lower Yes

- 1-FCv-67-96 Cont. Isol. Lower Yes
1-FCv-67-91 Cont. Isol. Lower Yes
1-FCV-67-103 Cont. Isol. Lower Yes
1-FCV-67-104 Cont. Isol. Lower Yes
1-FCV-67-95 Cont. Isol. Lower - Yes
1-FCVv-67-111 Cont. Isol. Lower Yes
1-FCv-67-112 Cont. Isol. Lower Yes
1-FCv-67-107 Cont. Isol. Lower Yes
1-FCV-67-130 - Cont. Isol. Upper Yes
1-FCV-67-131 Cont. Isol. Upper Yes
1-FCv-67-295 Cont. Isol. Upper Yes-

“1-FCV=-67-134 Cont. Isol. Upper Yes
1-FCV-67-296 Cont. Isol. Upper Yes
1-FCV-67-133 Cont. Isol. Upper Yes
1-FCV-67-139 Cont. Isol. Upper . Yes
1-FCV-67-297 Cont. Isol. Upper Yes
1-FCV-67-138 Cont. Isol. Upper Yes
1-FCv-67-142 Cont. Isol. Upper Yes -
1-FCV-67-298 Cont. Isol. Upper Yes -
1-FCv-67-141 Cont. Isol. Upper Yes
1-FCv-72-21 Cont. Spray Pump Suction Yes

» . 1-FCv-72-22 Cont. Spray Pump Suction Yes

1-FCV-72-2 Cont. Spray Isol. Yes
1-FCv-72-39 Cont. Spray Isol. Yes
1-FCVv-72-40 RHR Cont. Spray Isol. Yes
1-FCv-72-41 RHR Cont. Spray Isol. - Yes
1-FCv-72-44 Cont. Sump to Hdr A - Cont. Spray Yes
1-FCv-72-45 Cont. Sump to Hdr B - Cont. Spray Yes

- 1-FCVv-26-240 Cont. Isol. Yes .
1-FCV-26-241 Annulus Isol. Yes
1-FCVv-26-242 Annulus Isol. Yes
1-FCVv-26-243 RCP Cont. Spray Isol. Yes
1-FCV-26-244 Annulus Isol. Yes
1-FCv-26-245 Annulus Isol. Yes
1-FCV-68-332 RCS PRZR Rel. Yes
1-FCv-68-333 RCS PRZR Rel. Yes
1-FCV-70-153 RHR Ht Ex B-B Outlet Yes
1-FCV-70-156 RHR Ht Ex A-A Outlet Yes -
1-FCv-70-207 Cont. Demin. Waste Evap. 81dg. Supply  Yes

ACCIDENT CONDITIONS

* I~FeV-67-72 (-5 Db # Ex.
¥ 2-Fcv-67-73 C-S D/ HE Ex.

) ) r these
) the b oF H ‘Hermcz/ Ovcr’/dac/ J&V{cés -Fo
* ;:Ze:j w?((e on7/;asgg Pef‘FoiMéd when the C-S d.e.se/ genef'a.'f‘ar

p ehaihrs.
;s rcplackrnj ane c>‘t 'H\e S‘HLer* ‘Fo»u‘ _o_ktese‘ 3er\

WATTS BAR - UNIT 1
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Additional Diesel Generator
FSAR Changes
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Q‘ 1.2.2.6 Steam and Power Conversion System

The Steam and Power Conversion System consists of a turbine-

renerator, maln condenser, vacuum pumps, Turbine Seal System,

Turbine Bypass System, hot well pumps, condensate booster pumps,
- main feed pumps, main feed pump turbines (MFPT), condenser-

(l feedwater heater, feedwater heaters, heater drain pumps, and
Condensate Storage System. The system is designed to convert
the heat produced in the reactor to electrical energy through
conversion of a portion of the energy contained in the steam
supplied from the steam generators, to condense the turbine

. exhaust steam into water, and to return the water to the steam

( generator as feedwater.

Each turbine generator unit consists of a tandem arrangement of
one double-flow high-pressure turbine and three double-flow
low-pressure turbines driving a direct-coupled generator at

1800 RPM. The generator has a nameplate rating of 1,411,000

KVA at 0.9 PF with 75 psig hydrogen pressure. Each unit employs
a horizontal, single pressure, triple shell, single pass surface
condenser. Return to the steam generator is through three
stages of feedwater pumping and seven stages of feedwater
heating. Safety relilef valves and power operated relief valves,

as well as a turbine bypass to the condenser are provided in
the steam lines.

. 1.2.2.7 Plant Electrical System

The Plant Electric Power System consists of the main generators,
the unit station service transformers, the common station service
transformers, the diesel generators, the batteries, and the
electric distribution system. Under normal operating condi-
tions the main generators supply electrical power through iso-
lated-phase buses to the main step-up transformers and the unit
station service transformers located adjacent to the Turbine
Building. The primaries of the unit station service transfor-
mers are connected to the lsolated-phase bus at a point between
the generator terminals and the low-voltage connection of the
main transformers. During operation, station auxlliary power

1s taken from the main generator through these transformers.
Durlng startup and shutdown, auxillary power is supplied from
the 161-kV system through the common station service trans-

formers. The standby onsite power is supplied by four diesel
generators

The Plant Distribution System can receive AC power from either
( the two nuclear power units, the two independent preferred
(offsite) power circuits, or the four 4400 kW diesel-generator
standy (onsite) power sources and distribute it to both safety-
related and nonsafety-related loads in the plant. The two

AN ADOTTSONAL ST p.6. IS AVALLABLE WHICH

’ STANDRY CAN BE SUBSTITUTED FOK ANY oONE OoF THE
NORMALLY ALIGNED 0.G.s.

1.2-7
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(,i 1.2.3 General Arrangement of Major Structures and Equipment — - —

The major structures are two reactor buildings, a turbine - --—
building, and auxiliary bullding, a control building, a ser-

vice and office building, X diesel generator buildings an D Jm—
intake pumping station, and two natural draft cocoling towers. -
The arrangement of these structures 1s shown in Figure 2.1-5.

Plant arrangement plans and cross sections are presented in

Flgures 1.2-1 through 1.2-14.
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_ pounds per square foot. Design loading considerations, includ- . - —
ing the snow load, for the reactor shield buillding and other o

0 Category I structures are presented in Sections 3.8.1 and 3.5.4. .

No meteorological parameters were used in evaluating the per-

formance of the ultimate heat sink, which consists of a once-

through cooling system utilizing the Chickamauga Reservcir on

the Tennessee River. A demonstration of adequate water flow

past the site is used in the design bases. This 1s discussed

in Section 2.4.11. : :

The site 1s located in Region I for Design Basls Tornado con-
siderations. The design conditions assumed for the Wa:ts Bar
Nuclear Plant reactor shield building (and other safety-related
structures) are the following: : :

1. 300 mph = rotational spééd"
2. 60 mbh = translational sﬁéed'
3. 36d mph = maximum wind épeéd
4, = 3 psi = pressure drop o
;_’E' _} psi/sec = rate of pressure drop (3 psi/3 sec 'is assumed)
' Thés-é and ;ornado;driven missile criteria are discussed in

.5. The fastest mile of wind at 30 feet above ground
-year return perlod in the site area 1s slightly greater
h.[19] The wind load'for the Shield Buillding is based
or that level, as discussed in Section 3.3. Estimates

of the probable maximum precipitation (PMP) are included in
Section 2.4 \(Hydrologic Engineering), and the design considera-
tions for the\PMP are in Section 3.4 (Water Level (Flood) Design).

‘ 33 and.
2.3.2 Local Meteorology

on 95 mph

2,3.2.1 Data Sourcés

Short-term site-specific meteorélogical data from the TVA
meteorological facility at the Watts Bar Nuclear Plant site are
the basils for dispersion meteorology analysis, ‘Long-term data
representative of the site or indicative of site conditions for
temperature, precipitation, snowfall, humidity, fog, or wind
-were obtained from climatological records for Chattanooga, :
Decatur, Knoxville, Oak Ridge, and Watts Bar Dam, all in Ten-

- nessee. Short-term records for the Sequoyah Nuclear Plant site

were also used. These data source locations are shown relative
to the plant site in Figure 2.3-3.

For z‘/ze AdA it 1sna.) Drese| Qenerator Buildiig The 0‘35:’7,". -
Basi’s Tirnado Parameters Are As Follodos: |

/, 299 mph ¢ Roturronal $¢2¢Q3"5

N 2. 7O mphk 3 Transladss sal Speed
3. 360 mpR = Maximups Wind Speed
) 4. 3 psi = FPressure Orof

wat-2,3 & Apsifsec * Rate oF Fressure Lrop (3951/,.55“ IS assumed.)
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Structure Accass Accesses Elev, ) __€
Intake Pumping (1) Access Hatches 2 728.0
Structure (2) Stairwell Entrances 2 741.0 N
(3) Access Hatches 6 741.0 _ -
Auxiliary and (1) Door to Turbine Bldg. 1 708.0. é
Control Bldgs. (2) Door to Service Bldg. 1 713.0 ,
(3) Railroad Access Opening 1 729.0
(4) Door to Turbine Bldg. 2 729.0
(5) Emergency Exit 1 730.0
(6) Door to Turbine Bldg. 2 755.0
Shield Building (1) Personnel Lock - 1 714.0 _ (
(2) Equipment Hatch 1 753.0 )
(3) Personnel Lock 1 755.0

Diesel Generator (1) Equipment Access Doors 4 - 742.0
Building (2) Emergoncy Exits . 4 742.0
(3) Personnel Access Door 1 742.0
(4) Emergency Exit 1 760.5
Add TInsert Z¢A
Exterior accesses are also provided to each of the class IE
electrical systems manholes and handholes at elevations' -
varying ‘from 714.5 feet MSL to 728.5 feet MSL, depending
spon the location of each structure. :

The relationship of the plantsite to the surrounding area
can be seen in Figures 2.1-4 and 2.1-5. It can be seen from
these figures that significant natural drainage features of

the site have not been altcred” Local surface runoff drains
into the Tennesseoe River.

2.4.1.2 szrosghere

The Vatts Bar Nuclear Plant site, along with the Watts Bar
Dam Reservation, comprises approximately 1770 acres on the
west bank of Chickamauga Lake at Tennessee River mile{TRM)
528. As shown by Figure 2.1-4, the site is on high ground

with the Tennesseo River being the major potential source of
flooding. (

The Tennessee River above the Watts Bar plantsite drains 17,319
$quare miles., Watts Bar Dam, 1.9 miles upstream, has a drainage
area of 17,310 square miles. Chickamauga Dam, the next dam -
downstream, has a drainage area of 20,790 square.miles, Two
major tributaries--Little Tennessee and French Broad Rivers-—-rise ¢
to the east in the rugged Southern Appalachian Highlands., They (
flow northwestward tirough the Appalachian Divide which is
essentially defined by the North Carolina-Tennesseo border to -
Join the Tennessee River which flows southwestward., The

Tenyessoe River and jtg Clinch and Holston River tributaries flow
sonthwest
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would be in the month of March or possibly the first week in .
lgfil. . ’ ’ . - - T ..-

Figure 2.4-98 shows the fraip plant general grading plan. The R
diesel generator buildi Yo the north and the pumping station to

the east of the main budiding complex must be ected from

byg to agsure pladt, gafety. The diesel tor buildiq§§> -
ell above th .

anup. The

dperating floors&t e¢levation 742 whic
omgputed elevatiod including wind wake
Dumping/station is shielded Erom direct wave action on all sides
. except to the south by either buildings, earth embankments, or l
the cooling towers. The maximum effective fetch of 1.3 miles 9 141
occurs from both the southwest and northeast directions (Figure ‘
2.4-67). This allows for the sheltering effect of several hills

on the south riverbank which become islands at maximum flcod
levels. ‘ '

For the Watts Bar FSAR, the two-year extreme wind for the season
in which the PMF could occur was adopted to associate with the
PMF crest as specified in Requlatory Guide 1.59. The storm
studies on which the PNF determination is based [ 4] show that the
season of maximum rain depth is the month of March. Wind
velocity was determined from a statistical analysis of maximum
March winds observed at Chattanooga, Tennessee.

Records of daily maximum average hourly winds for each direction
are available at the watts Bar site for the period May 23, 1973,
through Agril 30, 1978. This record, however, is too short to
use in a statistical analysis to determine the 2-year extreme )
wind, as specified in ANSI Standard N170-1976, an appendix to | 3°
Regyulacory Guide 1.59. Further, the necessary 30-minute wind
data are not availakle. To determine applicakility of
Chattanooga winds at the Watts Bar plant, a Kolmogorov-Smirnov
(K-S) statistical test was applied to cumulative frequency
distritutions of daily maximum hourly winds for each direction at
Chattanocoga and Watts Bar. The winds camgared were those
recorded at Chattancoga during the period 1948-74 (the period
when the necessary triple-register records were available for
analysis) and the Watts Bar record. A concurrent record is not
availakle; however, the K-S test showed that (except for the
noncritical east direction) the record of daily maximum hourly
velocities at Chattanocoga were equal to or greater than that at
Watts Bar. From this analysis it was concluded that use of the

Chattancoga wind records to define seasonal maximum winds at the
Watts Bar site is conservative.

2. 4-27



trol Buildings, will be allowed to flood as the water exceeds
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2.4.14.1.3 Post Flood Period

Because of the improbability of a flood above plant grade, no

detailed procedures will be established for return of the plant

to normal operation unless and until a flood actually occurs. .If .
flood mode operation (Section 2.4.10.2) should ever become

necessary, it will ke possible to maintain this mode of operation

for a sufficient period of time (100 days) so that appropriate

. recovery steps can be formulated and taken. The actual flood

waters are expected to recede below plant grade within 1 to 4
days.

2.4.14.1.% Tocalized Floods

localized plant site flooding due to the probable maximum storm
(Section 2.4.3) will not enter vital structures or endanger the
plant. Plant shutdown will be forced by water ponding on the 28

' switchyard and around buildings and water entry into the Turbine

Building, but this shutdown will be similar to a loss of offsite
pocwer situation as described in Chapter 15. The other steps
described in this suksection are not appllcable to this case.
Refer to Section 2.4.2.3.

2.4.14:2 Plant Operation During Floods Above Grade ' -

"Flood mode" operation is defined as the set of conditions des-
cribed below by means of which the plant will be safely main-
tained during the time when flood waters exceed plant grade
(elevation 728) and during the subsequent period until recovery
(Section 2.4.14.7) is accomplished.

2.4.14.2.1 Flooding of Structures

Only the Reactor Building will be maintained dry during the flood
mode. Walls and penetrations are designed to withstand all
static and dynamic forces imposed by the DBF; minor seepage
through the concrete walls will be collected in the Reactor 28
Building sump and pumped out the Building.

The Diesel Generator Ruildi
mode since its lowest floor at elevation 742. All other
structures, including the Service, Turbine, Auxiliary, and Con-

their grade level entrances. Equipment that is located in these
structures and required for operation in the flood mode is either
above the DBF or designed for submerged operation.

2.4-59

ill remain dry during the £flood
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3.3.1 ¥ind Loadings

3.3.1.1 Desiagn Wind Velocity

The Category I structures are designed for a 95-mile per hour
wind, 30 feet above grade, with a 100 year recurrence interval..
The wind was determined from Figure 1, ASCE paper 3269, "Wind
Fcrces on Structures®™ [3]. The wind was applied for tke full
height of the structure. A gust factor of l.l is included for
all wind loads and corkinations of lcads where wind is involved
as recommended in ASCE parper 3269 [3].

3.3.1.2 lDetermination of Applied Force

The rressure and pressure distribution of wind loads on struc-
tures were determined by the methods described in ASCE Pager
3269{3). The dynamic wind pressure,qg, is defined as q =

«00256V2, where g is in psf and V is in mph. A gust factor of

l.1l is applied which redefines q as g = .00256 (1.1V)2 =
«00310v2. The wind pressure, p, in psf, is defined as g = Cg
where C is the pressure distribution cocefficient (Cpe or Cpi) or
the shape coefficient (Cp) determined from Takle 4 in ASCE Pager
3269.[3]

Fér the analysxs of box-shaped structures, a shape coefficient
() of 1.3 is used which defines the wind pressure as r = l.3q.
Of the total Eressure (p = 1.3g), 0.8q is applied to the windward
wall, and 0.5q is agplied to the leeward wall. Concurrently the

end walls receive 0.7q negative pressure and the roof receives
0.5q uplift.

For the analysis of cylindrical structures, such as the shield
buildings and stcorage tanks, the shape coefficients and pressure
distribution coefficients are obtained from Table 4(f) of ASCE
Paper 3269[3]-

3.3.2 Tornado lLoadings 1

3.3.2.1 2Arrlicable Design Parameters
axcept for tne addrhonal diesel generater bu ld’m.

All Category I structures Yare designed for a "funnel" of wind
moving with a translational velocity of 60 miles per hour and
having a rotatloggé velocity of 300 miles per hour. & Category
I structures are signed for an external depressurization of 3
psi occurring in 3 seconds.

Informaticn about the spectrum and pertlnent characteristics of
tornado-generated missiles is in Section 3.5.

The- tornado loading for +the Additional diesel jenerafaﬂ -

bullding 15 diseussed 1n Sec+on 2.3.1.
9

3.3-1
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fire protection system inside the Control Bniiding is not pres-

surized until it is actuated.

3.5.1.,1.5 ERCY Structures

42

At the Intake Pumping Station the essential raw cooling water
(ERCW) pump motors are exposed to the atmosphere. A structural
steel grillage system, discussed in Section 3.8.4, provides
protection to the pumps from tormnado missiles. A concrete shield
wall separates the four motors of Train A from those of Train B.
These components are arranged in a straight line over a distance
of about 100 feet. An overspeed failure is not postulated for
these pumps. Even if a failure were postulated, no credible
trajectory of any resultant missile could damage enough
components to reduce the number available to less than four. No
credible failure of any high-pressure component could create a
missile which could reduce the availability of pumps on the
opposite power train.

No credible, potential internal missile sources are installed in
the remainder of the ERCW structure. 4?

3.5.1.1.6 ERCY Pipe Tunnels and RWST Foundations

No credible potential internal missile sources are installed in
these structures.

3.5.1.1.7 Diesel Generator Building

Four emergency diesel generators, which are required to supply
éemergency power to certain engineered safety features, are
located inside a separate structure, the Diesel Genmerator
Building. Interior walls of reinforced concrete separate these
generatorfid

There is a mechanical governor on the diesel engine of each
diesel-generator unit which is designed to assume control of the
engine when there is a tendency to overspeed. In addition, the
diesel generators have an overspeed trip which cuts off fuel to
the diesel engine upon an overspeed condition. Consequently, no
missiles are postulated for overspeed conditions of the
generator. The diesel generator units are protected from the 49
effects of a postulated failure of the carbon dioxide storage
tank by an 18-inch thick reinforced concrete wall. Therefore,
any missiles or pressure bunild-up generated by a rupture of the
carbon dioxide storage tank would not damage essential equipment.
The vent path for the carbon dioxide storage tank compartment is 51
through one set of standard double doors into a stairwell. If
additional pressure relief is required, the vent path will be
through another set of standard double doors which open to the
atmosphere from the stairwell.

APRITIONALLY A € -5 D.G. wHICH MAY B SUBSTITUTED FOR ANY oNE of THg

NORRALLY ALIGAED 0.6.5 Is LocATED WITHIN THE SEVARATE AUDLTIONAL Pigse|
GENCRATER BuribiNg, 3.5-4a




: ane each ste? In the development of the analyticéi fnodel : T
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scribed in Section 3.5.1.3.5 contains one or more conserva-

ve assumptions, all aspects assoclated with these two analy- =T

ses support the contention that the turbine missile hazard at
this plant 1is not significant.

In addition, the plant uses turbines designed, manufactured,
installed, and operated in accordance with standards that mini-
mize the possibility of an accident that may produce dangerous
missiles. Each reactor unit has 1ts essential, safety-related
equipment installations and structures positioned to minimize
the strike probabillity on tnese ltems.

Such findings indicate that the turbine missile hazard at the
Watts Bar Nuclear Plant is sufficiently small to be considered
an acceptable risk.

3.5.1.4 Missiles Generated'By Natural Phenomena

Category I structures at Watts Bar Nuclear Plant are designed
for tornado-generated missiles based on the following criteria:

1. Spectrum A (see Table 3.5 7) was used in the design of the
structures using the following basis.

' - a., Structures that are duplicates of structures designed

and constructed at Sequoyah Nuclear Plant (SNP).

b. Structures that, although dissimilar to any structures
~used at SNP, have been constructed or designed such

that a redesign would require a delay in the construc-
tion schedule.

2. Spectrum B (see Table 3.5-8) was used in the design of the
: equlpment doors on the Diesel Generator Building

3. Spectrum C (see Table 3 5-9) was used in the design of the
structures using the following basis:

a. Structures not covered by items 1(a), 1l(b), emd 2
*haue, And 4, _

b. Special structural protection, such as the structural
protection from vertical missiles for the ERCW pumps
on the intake pumplng statlon.

4, Spectrum D (See Table 3.5-17) Was used. 1A +he design
O-F‘H‘)é Add i+ional Diesel Cenera+tor Building and any
0.d~d(+’°na{ ca_-!-eﬁo('y I S#MQ'H.LFQS Chq-er ;f“/y 1979,
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Values obtained from this technique have been corroborated with-
subsequent reports by the National Highway Safety Bureau. 1In
roeference [5], time histories of forces are presented for several
automobile crash tests which are closely confirmatory. The
impact loads obtained by the previously described methods were
then applied to the structures and the structures were anlayzed
for the effect of the loads by conventional analytical methods.
Impact loads from the missiles of Spectrum C (Table 3.5-9) were
csloculated using the procedures of reference 8, BSee Section
3.5.1.4 for & discussion of structurzes dssigned for Spectrum C,

Tornado missile protection for all safety-related bn:ied piping
is provided by one of the four protective schemes described
below. .

1. 10 feet of compacted fine—-grained soil.

2. 7 feet of compactsd crushed stone,

3. 18 inches of conventional unreinforced concrete.

4, 18 inches of roller-compacted unreinforced concrete,

In eack sch2me a 12-inch cn:hlon'of efther compacted sand or
fine-grained earthfill is roquired over the top of the pipe.

The acceptability of each scheme has been verified by a
full-scale test program inm which'missiles from the NRC spectrum
wvere dropped from a helicopter into test pits of crushed stone or
earthfill and onto concrete slabs., The missiles uvwsed in the
testing were:

1. 1 1500-pound utility pole,
2. a l1l2-inch diametesr schedule 40 steel‘pipe.

3. a l1-inch diameter steelvrod.ﬁ

4, a 3~inch diameter schedule 40 steel pipe, and

5. a 6-inch diameter schedule 40 steel pipe.

Of these missiles the 12-inch pipe and utility pole caused the
greatest penetration depths. Impact velocities of 200-215 ft/s
were achieved for both the utility pole and 12-inch pipe which

equals or exceeds the design velocities for those missiles sas
listed in tables 3.,5-7 and 3.5-9. The protective thicknesses

listed above are based on the maximum thicknesses observed in théu

test program and are, therefore, conservatively chosen.

¥t i1s concluded that the missile protection criteria to which the
plant has been analyzed and protected against gomply with the
intent of Criterion 4 of 10 CFR 50, Appendix A, General Design
Criteria for Nuclear Power Plazts.

51
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SEISMIC DESIGN | 4/56’/@ e
.1 Seismic Input

Dosjign Response Spectra

selsmic design response spectra which defdine the .
ground motion of the Operating Basis Eafthquake and the
Safe Shutdgwn Earthquake for rock-supported struétures are shown
in Figures %.5-236a and 2,5-236b, Seoctiona 2.5, /The maximum rock
scceloeration\for the SSE is 0,188 for horizontal motionm and 0.,12g
for vertical motion, The Operating Basis Eapthquaks is equal to
one-half the S3E, as outlined in Section 2.5.2.7, with 2 mazimum
horizontal rock \acceleration of 0,093 and 9.06g vertically.

The site
vibratorxy

In response to an NRC question relating fo the adequacy of the
seismic dosign basik, TVA performed a site specific study. Site
specific design respdnse spectra were Adeveloped; see Section
2.5.2.4. The site specific rssponse /spectra are termed the 84th
percentile design basis\ response spoctra,

51

6f the liquefaction potential of
¢ and 1E conduit aligament, TVA
of the top—of-ground motion; -see
ern of this study.

In response to the NRC's raview
the soils along the ERCY pijpeli
performed a site~specific stuods
Section 2.5.2.4 for a discus

3.7.1.2. Desis

Four a:tificiﬁl tinme h;s‘ories hav
response spectra producdd by the ar
response spectra of e

‘been developed so that the
hmetic average of the

h individaal record will envelope the site
seismic design response spectra for co responding damping

ratios. PFigures 3.7~1 thru 3.7-4 show X comparison, for various
damping ratios, of /these averaged responde spectra and the site
seismic design resgponse spectra for the OBE. Table 3.7-1 1lists
the system period intervals at which the response spectra are
calculated, 3

3.7.1.3 Cri

&8s used for
Category structures, systems, and components are\provided in
Tables 3 /7-2 and 3.7-24,

Catogory I structure is provided in Section 2.5, Pertinexnt data
concerning the supporting media for each of the seismic Ca egory
structures is also given in Table 3.,7-3,
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The lumped mass model of the building for the normal mode’
analysis consists of four mass points and four elements, the mzass
and inertia of the base, and translational and rotationsl '
springs representing the pile group., The mass points, elements,
and spring properties are given in Table 3.7-234,

The pile group is composed of 104 vertical and 46 batter piles. -
The pile group was modeled by equivalent translation and rooking
springs in both horizontal directions and a vertical spring.

Once a set of spring constants vere determined, the lateral and
rocking springs were both modified dy the same factor to p:odnce
a natural period for the structure of 0.15 second in sach
horizontal direction to correspond to the peak in the top of
ground scoceleration response spectrum. The spring comstants
representing the pile group are shown in Table 3.7-23A,

A normal mode time history analysis of the lumped mass model was
" conducted. A damping factor of 5 percent of critical was used in

this step of the analysis for both soil springs and struoctural
elements, The loads thus compared were considered to be overly
conservative, and since the top of ground horizontal
accelerations were approximately doubled by the base springs, the
horizoantal loads in the bduilding were reduced by one-half. A
plaxt strain analysis of the soil-structure system was then”
conducted for the SSE in the B-V and vertical directions. to
verify the reduction in the horizontal loads computed by the
normal mode analysis. The input sccelerations for the latter
analysis were the top of rock acceleration records specifled for
the Watts Bar Nuclear Plant.

The plane strain snalysis was conductod using a 2-dimensional
model of the soil-structure system in order to verify reducing
the results obtained in the normal mode 2nalysis. The model
included soill-structure interation effects, and cases were run
with and without the pile group stiffness included in the soil
properties. Damping factors of 10 percent of critical for the
301l elements and 5 percent oficritical for the base mat and CDWE
Building elements were used in the plan strain analyzis. The
soil properties are linear and elastio.

The time history acocelerations specified for top of rock were
applied at the dase of the model, and the free field top of
ground scceleration was compared to the lumped mass model top of
grouad motion. The plane strain anslysis indicated the
horizontal acoeleration amplification through the soil and base
springs in the lumped mass snalysis was excessive and a redanction
of the horizontal londx 1n the building by a factor of one—half
wss justified

3 l7-1°c
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Additcnal Diesel Ceneratcr BSuilding

The idsalized lumped mass mcdel of the Pe-nfcrced concrete struture used in the
nalysis is shown in Figure 2.7-158 . Element preperties are given in Takle
.7=-23E and mass point properties in Tab’e 3.7-23C . Due tc the st—uc“-re’s

Righ tzorsicnal frequency and small eccentricity, coupling between translatizn

and torsicn was not significant and consequently,

The Add;t; nal Diesel Ceneratcsr Building (ACGE
piles driven through in—-situ scil and intc
.re dau mic analysis was performed in accordance

specify a three-dimensicnal simultanegusly applie
SJ.

with

is suppcr
a firm layer gf basel
cecent criter
ed egarthguake

wds not ccnsidersd.

ted cn a grid of 1S4
gravel.
Tl i3 which

lcading

or the site wit
a maximum ac~=lerati:n cf 38.1Bg at tcp of rack, see Section 2.5.2.% . This
earthguake aas amplified ug thrcugh the saoil to a maximum acceleraticn of 0.3Cg
in the free field (i.=2. ,away from the struzture). The amplified earthguakes was
enevelaped bg a Regulatory Gu;de 1.2 respcnse spectrum with a maximem aczceler-
b’ cf C.23Sg . The earthguake defined a* the base slab cf the structure
! a ccrrespcrd¢ng maximum acceleratlcn cf O 42g for the SSE ard Q.24q for
L€ QOEE . :

The dgnam;c analysis uwas perfcrmed in twec parts. The structural resgonses wer

e~ —

cttained by the
were generated by the ncrmal mades
of &—percent and 7-percent was used for the QOEZ
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- oo bt
ccnsidered the dynamic analysis.
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The natural frequencies of Westinghouse supplied components — -
are considered in the system seismic analysis. The natural
frequencles are listed in detail in the component stress
reports.

3.7.2.3 Techniques Used for Modeling )

3.7.2.3.1 Other Than NSSS

'The procedures used to formulate a mathematical model of each

category I structure have been discussed in Sections 3.7.2.1.1
and 3.7.2.1.2. The mass of supported equipment was considered
in the lumped masses at the points of support. The stiffness
of supported equipment was not considered in the lumped mass
model of the structure. :

3.7.2.3.2 PFor NSSS Analysis

The first step in any dynamic analysls for a system or conmnpo-
nent supplied by Westinghouse 1s to model the structure or
component, l1.e., convert the real structure or component into
a system of masses, springs, and dash pots suitable for mathe-
matical analysis. Essentially, the procedure is to select
mass polnts.so that the displacements obtained will '‘be a good
representation of the motion of the system or component.
Stated differently, the true inertla forces are not altered so
as to appreclably affect the internal stresses 'in the struc-
ture or component. : ) '

The mathematical model used for the dynamic analysis of the
reactor coolant system is shown in Figure 5.2-1. Tigure 5.2-2
shows the mathematical model of the reactor pressure vessel.

The determination as to whether the structure or component 1is
analyzed as part of a system analysis or independently as a
sutsystem 1s justified on a case by case basis.

\
3.7.2.4 Soil Structure Interaction
3.7. 2.4.17 Criteria " A" N D
For Category I structures founded upon soils the rock motion
was amplified to obtain the ground surface motion by consider-
ingz. the soll deposit as an elastic medium and making a dynamic
analysis of a slice of unit thickness using only the horizontal
shearing resistance of the soil. The four artificilal earth-
quakes mentioned in Section 3.7.1.2 were considered as the
input motion at top of rock. Once the time history of surfzce
accelerations was known, a response spectrum was produced for
the analysls of the soil-supported structure. The vertical

surface motlon was considered as two-thirds of the horizontal .
surface motlion.

3.7-11
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The -soil amplification analysis is affected by the accuracy of in
site soil measurements, slaated soil layers, soil density
variations, and depth of the soil deposit. Therefore, for
structures supported om a soil deposit with variations in
properties and overburden depths, the parameters of the soil
deposit beneath the structure were varied to obtainm a series of
ground motion spectra. An envelope was drawn from these spectra

resulting in the final ground motzon spectrum used in analyzing
the structure.

By following the procedure outlined, the maximum amplification of
the ground response was obtained and the peak width of the ground
response spectrum was wide enough to allow for variations in the

g’z‘rf.rv.'.qv;wnc:ies of the structure due to variations in soil

parameters,

—_—
3.7.2.5 Development of Floor Response Spectra

3.7.&.5.1 Criteria ‘A’
Response spectra for use in comput1ng the response of structural
appurtenances, or of equipment attached to Category I structures
were produced by the time-history modal analysis technique. The
four artificially produced accelerograms (Sectionm 3.7.1.2) were
the input motion at top of rock. To obtain a set of response
spectra for one mass point for one direction of motion, the
procedure outlxned in Figure 3.7-37 was used. !

- ‘ 55 ‘
Spectral values were computed for Q( periods using the distri--
butions shown in Table 3.7-1, Section 3.7.1.2. In all time-
history calculations a time interval of 0.010 second was used.

" 3.0,40,50

Response spectra were computed for ﬁrcentages of critical
equipment damping of 0.5, 1,0, 2.0 and 2.0 Response spectra
are also computed at frequency variable damping of 5% to 10
hertz, decreasing linearly to 2% at 20 hertz, and remaining at 2%
to 33 hertz as described in ASME Code Case N-411, Response
Spectra were calculated for both the OBE and SSE; except, for
those instances when the same percentage of critical structural
damping was specified for both earthquakes, response was
calcnlated for the OBE,only (the SSE results equal twice the
OBE) . or SSt

Horizontal response spectra were produced at ground level and at
28ll major floors and at other points of interest within the
structure for both east-west and north-south directions, except
vhere symmetry justifies the use of one direction,

For a direction in which torsion is considered, the time his-
tories of accelerations used to produce the spectra will be
computed where the maximum accelerations occur at that level (the

farthest points on the structure from the shear center, on the
axis perpendicular to motion).

3.7-12
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Fer Categery ! structures fcocunded upcn sagil, the acceleration at top-cf-cocke
will be considersd to be amplified Cor attenuated) through the scil. The value
of amplificatizn and the change in frequency ccntent of the excitaticn will &
faund by a firnite element dynamic analysis methcd that incorparates nonlinear
scil propercties. The scil amplification analysis is influenced hy the accuracy
of the destarminatizn cf the in-situ soil properties, ground watler elevation,
scil s-ratifizatizn, scil density variaticns, and variatign in bedrock gleva-
cian. Thecfere, the scil properties beneath the structure will be varied

using enginescing Jjudgmeni Lo ck+tain different ground mctign histcries.

Toom these, response specira will be produced, and an envelcpe will be
drawn enccmgassing these spectra, resulting in the Final ground mctlion

R

spectrum which will be used in analyzing the structural cesgponse.
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Unless otherwise noted, vertical response spectra were produced - — -
at ground and at the point of maximum structural amplification. T
The response spectra for ground was used throughout that portion .
of the structure where no structural amplification occurred., For -
other points, values were interpolated linearly between the
response spectra for ground and for the point of maximum

structural amplification,

INSERT
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Regcsonse spectra for use in computing the response of structural apsurtenanca3s
or 0% aequipment attached to Categcry 1 structures, are prcduced by the time .
Ristcry mcdal analysis technigue. The artificially producad accalerograms
tSecticn 2.T7.1.2.2) are the input mcticn at tag-cf-rock. From the time history
analysis the acceleraticns at scme ooint in the i, y, and 2 directicns due o
the three cocmpenents of the =ar-hcuaie acting simultaneously are as follows:

u (2 = (2 +u (£) + o (AR

I Ye 1 v
" " 13

(B = L (E) +ou (EY +u (%

Using these time histories, flcor resoonse sgectra ara develcped for each
direction.

Spactral values are computed for SS periods using the distributed shown

im
3.7-’;'=ertxon 3.7.1.2 . Spectral values are alsc calculated at the
ificant periods of the structure and at periods within +0,00C8 seczonds 27
tRe structure’s periods at 1nt=rVa;s of 9.00C2 seccnds. In all tzﬂe history
calculations, a time interval of C.010 =e:~nd iz used.
Fesponse spectra are camputed for critical eq ipment damping of 1.9, 2.0, I.9,
3,0, S.3, and 7.2 percant exceapt wiers2 special cznsideraticns are reguired.
Fecssccrnice specira ares calculated for both the 222 and the Q0OB=.
Feor hRorizcontal directicns in which torsicn i35 <O onsiders 2d, the time history oF
acceleraticns used tc greoduced the spect*a Zor some level in & siruchture are
comouted wher2 tRe masximum accalerations cesur at that l2vel (at the farthest
zgcints =n the structure from the _hear'genter, on the anis perpendicular to
moticn). . '
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3.7.2.6 Thwee Components of EBarthquake Motion _
3.7.2.6.1 Crr%gr]a‘ZLf C e e T
The seismic response of Category I structures was computed by ’
sssuming earthquakes motion in each of the two major horizontal
directions to ocour separately but simunltaneously with earthquake
motion im the vertical direoction. The derivation of the site.
response spectra and the design time histories for horizontal and
vertical motion has been detsiled in Sections 3.7.1.1 aad 3.7.1.2

qurrespoctively. :

— .
3.7.2,7 Combination of Modal Responses

3,7.2.7.1 Other Than NSSS

3.7.2.7. 1.1 Criteria A"

The response of all Category I structures was computed by the
response spectrum modal analysis method. The response was
caloulated in sach componment mode. The total responss was then
calculated by determing the square root of the sum of the squares
(SRSS) of the modal responses. For example, the total
scceleration in any direction was calculated as

v/f 3 3 3
'T = | ;1 + fz +f"f.‘n

Similar expressions exist for the other responses. .

When the frequencies of two or more modes are found to be closely
spaced (modes whose froquencies are within 10 percent of each
other), the responses of these modes were combined in an abdsolute
manner. The resulting total was treated as that of z pseudomode
and combined with the remaining modes by the SRSS method.

The stresses in the structures were calculated assuming either
horizontal earthquake to occur simultaneously with the vertical
earthquaks. For example, s typical expression for the stress x,
caused by a horizontal earthquake in the x-direction and a
vertical earthquake in the z-direction, would be

o =+ 0 +
x - “xx o

NSEET s A

3.7.2.7.2 NSSS Systenm

The total seismic response of systems and components within Wes—
tinghouse scope of responsibility is obtained by comdbining the
individual modal responses utilizing the square root of the sum
of the squares method. For systems having modes with closely
spaced frequencies, this method is modified to include the

3 07-13




.7 .2.8.2 CRITERIA "BY
The seismic respanses of the Catzgory I structarss ares detarmined Frc
dimensional lumced mass models assuming the three cempaonents of the &

o

re occurring simultaneously.

When the response spechira methed is ased for seizmic analysis, the ma:simun
structural resgonse due to each oFf the three components of earthguake motion
is combined by naszimum codirecticnal responses caused by each of the three

components of =2arthquake mction at & particular point of the structure.

When the time history analysis methed is used, the responses Froin @ac
three comoonents of earthguake motion are combined at ch time steg
icaliy. The three comgcocnents of the eartihiguake area st stically inde

-

e2eTel.Z Criteria "E"

The response spechira method was used to determine the selsmic respon
the Category I structures, the most probatile response was cbtained =2
square root of the sun of the squares from the LnleLuual modes.

S
=
)

viker, the fregusncies of two or more mcdes are found to b

\ 2 closely Spa
whose frequencies ara within 10 gercent of each other), the resgconses
moces were cambined im a absolute manner. The resulting total was tre
that of a pseudconode and comdined wikth the ramalning mcdas by the sgu

gf the zum 2+ ths sguares
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‘. spectral values within a + 10 percent band of the computed period— '~ ,
of the system, equipment, or components will be used for analysis <
purposes. As an option, response spectra peak shifting as T 1;“3

defined in ASME Code Case N-397 was used in some cases,

For the soil-supported structures in which floor response spectra
were produced, the soil properties were varied to account for
inaccuracies in determining soil properties. The effect of these
variations were accounted for in the generation of floor response
spectra, Soil-structure interaction was considered as discussed
'in Sections 3.7.2.1 and 3.7.2.4,

AN

3.7.2.10 Use of Constant Vertical Load Factors

|
3.7.2.,10,1 Other Than NSSS . 6
3:7,2.10. 1.1 Criteria "A° | |
A vertical lumped mass dynamic analysis using the techniques
outlined in Sections 3.7.2,1.1 and 3.7.2.1.2 was performed for -
all the Category I structures to determine the vertical loads.
The results for each horizontal earthquake analysis were sepa-
rately added on an absolute basis to those from the vertical
earthquake analysis. Constant vertical load factors were not
used unless the dynamic analysis indicated the structure behaved
éﬁfhs a rigid body in the vertical direction, , .
25> - -
3.7.2.10.2 For NSSS . :

Constant vertical load factors are not used as the vertical floor <
response load for the seismic design of safety related systems
and components within Westinghouse scope of responsibility.

3.7.2.11 Methods Used to Accounf for Torsional Effects

The dynamic analysis of structures is discussed in Section
3.7.2.1. The structures were analyzed for torsional effects
tsing a lumped-mass cantilever beam model which adequately
represents all stiffness and inertial characteristics. This

includes the torsional moment of inmertia, eccentricity, and mass
moment of inertia. '

In the process of preparing lumped-mass mathematical models for <
the structures, the location of both the center of rotation and
center of mass for each floor were computed. Accelerations and
deflections were calculated where their maximum values occurred
(at the farthest points on the structure from- the shear center,
on. the axis perpendicular to the direction of motion).

3 .7-16
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The Category I structures, systems, and ccmponents, when ana

alyzad far wertical
mcticn, wused lumped—-mass dynamic technigues as discussed in Section Z.7.2.1.1
The results from both orthogonal horizontal -earthguake analyses and the vertlic
garthguake were combined using the square root of the sum of the squares of th
three-compeonant garthguake responsas. For sy3tams and comocn=2nis th2 appropria
2ipor resgaonss sgectra was used in the analysis. The dynamiz mathematical of

the sugporits of the systams and components.
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The models described above were subjected to selsmlc excita-
tions and the resultant responses in the form of frequencies, -. .. —
mode shapes, loads, and stresses were obtained. -

3.7.2.12 Comparison of Responses

~Figure 3.7-38 shows a comparison of the accelerations obtained
from the modal analysis time-history and the response spectrum
methods for the interior concrete structure. The comparison’
demonstrates the conservatism obtained by using a set of 4
artificial time histories whose response spectra envelope the
site design response spectra.

The systems and components in Westinghouse scope of analysis
were analyzed by response spectra methods.

3.7.2.13 Methods for Seilsmic Analysis of Dams

Since no dams are utilized to impound bodies of water to serve
as.heat sinks, thls section 1s not applicable to this site.

3.7.2.14 Determination of Category I Structure Overturning
Moments
3.7.2. 4. T Criteria "A" .
From the dynamic analyses of the structures, the seismic mo-
ments, shears, and vertical loads were determined at the base
of the structure. /These loads were.used in combination with
other appropriate loads in determining total overturning
gﬂj—effects as discussed in Section 3.8.

3‘3’.5114

3.7.2.15 Analysis Procedure for Damoing

None of the models used for Category I structures were coupled
together, therefore the damping values used were as shown in
Table 3.7-2 of Section 3.7.1.3.

For systems and components with different elements coupled
together in the same dynamic model, the lower percent damping
was used in the aralysis.

Under the Westinghouse standard scope of supply and analysis,
the lowest damping value associated with each element of the
system is used for all modes.

3.7.3 Seismic Subsystem Analysis

3.7.3.1 Seismic Analysis Methods for Other Than NSSS

The selsmic analysis of Category I piping systems is described -
in detail in Section 3.7.3.8 The seismic analysis of Category

3.7-17
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3.7.2.14.2 Critarta "B
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squares of the modal responses.
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om khe reosponse spectra medal analysis, the nodal moments, shears, and.
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3.8.4 Other Category I Structares : ,’ o "

The Category I structures other than the primary containment,
interior structures, and shield building are listed as follows:

1. Auxiliary-Control Building and Associate Structures
a., Control Bay Portion ‘
b. Auxiliary Building Portion
c. Vaste Packaging.Strncture

d. Condensate Demineralizer Waste Evaporator Structure
Portion :

6. Additional Equipment Building Portion
2. Diesel-Generator Builaing
3. Category I Vater Tanks and Pipe Tunnels
4, Class IE Electrical Systems Structures
5..:North.Steam Valve Room _ ' .

6. Inteke Pumping Station and Retaining Walls

7. Ni cell neous ERCY Sttnctnret‘A
B. MAC w.‘.L D <$¢.\Go-ure~ WA
3

+8.4.1 Description of the Structures

3.8.4.1.1 Auxiliary-Control Building

This building and associate structures are multistory reinforced
concrete struactures which provide housing for the engineered

safety foature systems, etc., which are necessary to the two

reactor units, Certain floors in the control bay, the Condensate
Demineralizer Waste Evaporator Structure, and the roof of the

fuel handling ing bay are supported by structural steel framing. (38
Refer to Figures 3,8.4-1 through 3.8.4-9 for the general layout

and configuration of the structure,

Control Bay Portion

Structure

The control bay portion is a multistory reinforced concrete
structure that is built integrally with the Auxiliary Building
portion as shown in Figure 3.8.4-8. The structure is separated
from the Turbine Building by a 2-inch expansion joiant filled

308-4‘1
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3.8.4.1.7 Miscellanpeons ERCW Structiures

Slabs and Beams Supporting ERCW Pipes

At the Intake Pumping Station the ERCV pipes are supported on a
reinforced concrete slab. The slab is approximately 8' below
grade and 50' above Bedrock. The slab is supported by a bracket
on the Pumping Station wall, bearing piles, and undisturbed
earth. Structural separatioan from the Pumping Station is
provided by 1/2' of expansion Joint material. The slab is shown
in Figure 3.8.4-56. .

The ERCY pipes at the Diesel Generator Building are encased in
concrete beams for support. The pipes are separated from the
beam by insulation and the beam is separated from the Diesel
Generator Building by expansion joint material. The beams are
supported by brackets on the Diesel Generator Building and by
Class A backfill. The beams are shown in Figure 3.8.4-56b.

D

h Ov

low Structunre:

The discharge overflow structure is a reinforced concrete
box-type structure supported omn granunlaxr fill material placed
over basal gravel. The fumction of the discharge overflow
structure.4is to_provide for the normal flow rate discharge of -the
ERCW system without unacceptable back pressure if the downstream
pipes are blocked and to permit flow to the holding pond under.

normal conditions. The structural outline is shown in Figure
3.8.4"46&. | ) . ’

Stand e S ures

The two standpipe strnctures are mass reinforced concrete
structures placed on firm granular material. The structures have
backfill on four sides for the first 8 feet of height and extend
17 feet above grade. The function of these structures is to

protect the standpipes from Tornado—Generated missiles. The

. structures are shown in Figure 3.8.4-56a.

YValve Covers

These structures consist of reinforced concrete slabs covering
the valves in the ERCW pipes. The slabs are located at grade
above the pipes and are supported by either the missile
protoection slad and/or backfill. The slabs have small openings
with precast concrete covers above each valve stem. The openings
in the missile protecting valve covers provide immediate access
to the valves in an emergency. The structures are shown in
Figure 3.8.4-56¢.

‘.5 BELD  Nddibimal Diesel Gewrtor Buldivg,

P TIE NS

Dneert 3.bb/
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54.50 FeeT WEST oF THE CENTERUNE oF 7we Uner I Redcrs?
Buwomwae, Ir 135 A 7Two- STCRY RECTHNEULAR | RE/NFERZZD ccmcu-s}‘
Eoy- TYPcu“*:.TEucmze WHICH  Housss THS  ADO/TIONAL Di€seL

G ENER ATOR \AND ITS AUXILIARY ZQUIPMEMT, 7"//5' BdiLomIé 1S

Q6 FessT Lo BY 53 Feser WIDE AND IS SUFFRTED
ENTIRELY o~ EMND BeEARING  3TRucTwRAL sSTEst H-PIES A4S
SHow/A) 8 Fleues 3,5,4-za‘i, THE BAIE  3LAr  |s 12
Fesr THICE wWiTH THE Fi1)is 46D Froep AT ELevATION 742.0
THE DigssL FuUSEL STORAGE TAMES AR EMBEIDED /N THE
Base sSuAB.  Foz canerAC  LAvouT AND. CoMr—‘éJUTIgM oF

7‘#5 Eumo/mé, sS€s  FI6URES 3.3.4~ 23 L THewers .89 -go.

‘ . = . . -—
ADD\T‘ONAL Diesse GsoeseaDde 12101 & Dcota ANDS UL HSASS

-

THE 7Iwo (4RGE DooZ CPENIIGS | SHOWA N FIGURES 3,84~ 74 Awp 75 100
THT MNO2TH AND EAST EXTE2I0R WAWS CF JHe Burid!irla AT
ELEVATIoN 742.0 | PRoviDe Fe2 PAss Ace OF LARSGS 70dLS 4rid
REPAIR PARTS FeR THE ADD/'nw/AL DIESEL GSWERATIR UUIT Amd
/TS AUX/L/AE‘f‘EOU/Pme/uT. REMOV*&LE Miss1LE BARRIERS

OF PRecaAsT ) STACKAELE CoalLReTE szj:'r/o.«/sr ARE /RsTrHLLED ,4;03
Rovtend j0TO  PesIT/ON /N FReNT 0F THESE DOORWAYS 70 PRO7E
SAFETY -BELATED EQUIPMENT FRopmM TDRUADS WIND AVD Mi EEIE
THEse MISSILE  BARRIGRS Also FLeM PART of THE SeEculiry
SYSTEM  BY PREYeNTING UMNAUTHRIZED ewﬂlr 197D THE Bulisne
THEQVGH THEse DR, Due 70 7#e PREssnss oF THE PrzidasT
Convckere Missice BARRIcRs /R0 Feer)T oF THE Dockw/dys  7ds
‘EQUIPME MT DovRS Do NDT  WNEED TO Furicr o) A% /)1/55//_5- /‘,4221525
“AND  THEZE FOZE  STAVDARD Dougce Docls AR YsED. THes

PLE casT CQovczers M/i3siee BARRIELS wWree 8e& ZEMQ'/EO LY Fog

MASDR  REPMIZ  OF THe @ DIEsec GENELAFOR,

<




awf L i i m i A Ll N e e s e DT

‘_'BNP-47

‘. 3.8.4.2 Applicable Codes, Standards, and Specifications .
Unless otherwise indicated in the FSAR, the design and construc—"
tion of the Category I structures other thanm the primary contain—
ment and interior structures are based upon the appropriate
sections of the following codes, standards, and specifications.
Modifications to these codes, standards, and specifications arse
made where necessary to meet the specific requirements of the
structures. These modifications are noted in Soctions 3.8.4.3,
3.8.4.4, and 3.8.4.6, Whereo date of edition, copyright, or
iddendum is specifioed, earlier versions of the listed documents 47
wore not used. Ia some instances, later revisions of the listed
documents vere used wvhere design safety was notvcompfonised.

3.8.4.2.1 List of Documents

1. American Concrete Institute (ACI)

ACI.315-74 Manupal of Standard Practice for Detailing
Reinforced Concrete Structures

ACI 318-63 Building Code Requirements for Reinforced
_Concrete. (See Sectionm 3.8.4.2.2 for .
basis for use of this section.)

ACI 318-71 . Building Code Requirements for Reinforced
, '  Conorete -
: ACI 347-638 Recommended Practice for Concrete Formwork
ACI 305-72 Recommended Practice for Bot Weather

Concreting

ACI 211.1-70 Recommended Practice for Selecting Propor-
: ' tions for Normal Weight Concrete

ACI 304-73 . Recommended Practice for Measuring, Mixing,
Transporting, and Placing Concrete

American Institute of Steel Construction (AISC)

'*Specification for the Design, Fabrication, and Eroction of 44
Struotural Steel for Buildings,' adopted February 12, 1969,
as amonded through June 12, 1974, %

AC‘I 244 - 710 Code Q&a\u'\r&vxb&"’ Covr \\\uc_\wm

_ &\q\& Comerele 5‘\*%\‘—«»‘—65 ) AW@“A'\YC,— o«\\‘

i : —— o

3.8.4-14a.
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WENP-39

‘.13. TVA Ccnstructicn Specifications

G-2 TVA General Construction Specification for Plain and
Feinforced Ccncrete -

G-9 TVA General Construction Specification for Rolled
Barthfill for Dams and Power Flants

G-29 1TVA General Construction Specification - Process
Specificaticn for Welding, Heat Treatment

G-30 1TVA General Construction Specification - Fly Ash for
Use As An Admixture in Concrete

G-32 TVA General Construction Specification - Eolt
Anchors Set in Bardened Concrete.

G-42 IVA General Construction Specification for Prepara-
tion of Concrete Surfaces for Special Coatings for
Nuclear Plants ‘

s . '
14. TVA Torical Rerort, TDA-TR-1 Pipe Whip Criteria 973.
- F o . FOTR TVASTRI% -4 %"".“')" L;Q- S\mg.\—uu's Migs\e Imgau\".
15. National Electrical Manufacturers Associaticn, Motor and
Generator Standards MG-1, 1970 Edition.

16. Structural Engineers Association of Californié, "Recommended

Lateral Forc Rquiremen s and Commentary," 1968 Edition.
17. MaMowel Fitee Vo Y- 'a (NFPA) =0,

3.8.4.2.2 Basis for Use of the 1963 Edition cf ACI 318

The reason for using the 1963 edition of the ACI 318 Code was
that much Of the %atts Bar Plant was a duplicate of tke Sequoyah
Plant, for which structures were designed using the 1963 edition.
On that basis, design computations for the Sequoyah plant were
the design ccmputations for the Watts Bar rlant.

In some instances, structures could nct te duplicated and new [39
design computations were prepared for these structures with the
designs in accordance with the ACI 318-71 Code. Wwithin duglicate
structures where loading changes required investigation of the
Sequoyah design for an element of the structure, and tke result
was a change in memker size or reinforcement requirement, then

the redesign for tle member was in accordance with the ACI 318-71
Code. -

The duplicate structures are as follows:

3.8.4-16
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fy = 60,000 psi
No. 11 bar in tension, top bar
Bar spacing, 6 inches to 17 inches

318-63 318-71
¥, S, Design Alt, Sect, 8.10

Ay Provided Equals That
Required By Computation

Less than 1/2 bars
spliced at a given
section 102 in. 99 in.

More than 1/2 bars Not specified
spliced at a given TVA practice .
section 1.2x102=122 in, 129 in,

As Provided Equals Twice
That Required By Computation

Less than 3/4 bars :
spliced at a given '
section . 102 in. 76 ia.

More than 3/4 bars : ,
spliced at a given
section ' ‘ 102 in. . 99 in,.

3.8.4.3 Loads and Loading Combinations

3.8.4.3.1 Description of Loads

: Z
See Tables 3.8.4-1 through 3.8.4-2X for the loads for other
Category I structures, Other Category I structures are subject
to the same natural phenomena ‘and basic dead, live, and earth
pressure loading as described for the Shield Building in Section
3.8.1.3. In addition to active earth pressure loading described
in Section 3.8.1.3, the other Category I structures are designed
for at rest and passive earth pressures where applicable.

Construction loads differ for the Auxiliary Building because . of
the multistory effect of shoring from one floor to the next and
the construction ocrane loading on the Control Building portion,

The maximum temperature gradient for walls above grade with
exterior exposure is the same as the normal operating

308.4-18

38

49

38

49

47

42

51



_WBNP-55 [ L e

temperature gradient of the Shield Building. The spentvfuel”pift"
and fuel transfer canal require additional temperature .
considerations, Under saccident conditions the water was assumed

to reach 212° F in 8 hours with the inside building temperature
initially at 60° F, The normal temperature of the water in the
fuel pit and canal is 120° F,.

Hydrostatic pressure loads in the fuel pit and canal vary with
water levels in the pit, cask loading area, and canal. The cask
loading area and canal may be emptied.

The wind and tornado loading are described in Section 3.3.

Blowout panels are necessary to restrict the tornado generated 47
pressure differential to 100 psf above the El. 757.0 floor inm the
Auxiliary Building as shown between column lines t and y, and A-S

and A~11 in Figure 3.8.4-4 and 3.8.4-5. '

The live load associated with suppofts and restraint anchorages
for cable trays, piping system, and other fastenings to interior

shielding walls was restricted to a maximum of 20 pounds per
square foot over the face of the wall.

A_Lzao-psf-surchaige loading was applied to the A-1 and A-15 line
walls as a construction loading in the Auzxiliary Bnilding.

3.8.4.3.2 Load Combinations énd Allowable Stresses

See Tables 3.8.4-1 through 3.8.4-é§ for the loading combinations l51'i
and allowable stresses.

The normal allowable stresses of ACI 318-63 and ACI 318-71 were
used for the basic loading combinations of dead, live, earth
pressure, hydrostatic ground water to elevation 710 (or full pool

water levels in the spent fuel pit) and effects of normal
temperature gradients,

For additional 1oads such as induced moments or shears resulting
from Operating Basis Earthquake, accident pressure loading caused
by .a LOCA or steam pipe rupture and thermal effscts corresponding
to the accident condition, a 25 percent increase in steel stress

was allowed with concrete stresses restricted to normal
allowables, ’

For construction loading instead of normal Ijive loading or for
flood water to elevation 724.4 a 35 percent increase in both
steel and concrete stresses was allowed.

3 .8 04-19




For the combination of the basic loads with Safe Shutdown Farth-
quake effects, or tornado wind loads and associated misailes, or™ ™
maxinum pessible flood loads, or impact loadinzs from jet _
inpinzement or jet loadinz on Pipe restraints in conjunction with -
accident pressures a 67 percant increase 'in concrete stresses uas
allowed with ste2el stresses allowed to reach 0.9 of vield.

The maximum lateral forces generated by the Safe Shutdown Earth- )
quake are transuitted to the base throush shear walls which arc
desizned in accordance with Section 2631 (c) of the "Recommenderd
Lateral Force Requiremnntz and Commentary: of the Seismology
Committed, Structural Engineers Association of California, 1903,

3.8.4.4 Desirn and 4Analysis Procedures

3.8.%.4.1 Auxiliary-Control Ruilding

Control Bav Portion

This concrete structurs was designed in accordance with the ACI( |
Building Code 313-53 using the elastiec working stress theory.

The loads, loading combinations, and allowable stresses used are

ac given in Section 3.8.4.3.2.

The control hay was designed as an independent structure. A
standard frase analysis was performed on the huilding in the

design of the main structural walls and a separate analysis uas
performed for each loading combination. The stage to which 38
coastruction of the building's conponent walls, slabs, and

columns would have prozressed by the time of the application of a
particular loadinzs was talen into account and reflected anccor-

dingly in the nodel frane.

The floor slabs at elevations 7082 and 729 were designed oy ICHS
STRUCL-II, Volunme I pregram as flat slabs restrained at the
exterior structural walls and supported on concrete columns. At
elevation 75% the two exterior bays on hHoth ends of the Suildips
were designed by ICES STRUDL-II, Voluzme II program to resist a
brea': in the main stean lines bYelow. The roof slab was designcd
1S a onxe-way slab spanninz between the walls at column lines n
ind q 2s shown in Figure 3.8.4-8. Thesa walls act as shear wuzlls
in tlie event of east-west seismic motion or any other 2ast-wyest
lateral force, uith the walls along colunn lipes €1, C3, Cl1, ans
Cl3, as shown in Firzure 3.8.4-3 acting as shear walls for north-
south lateral) farces. The roofl c¢labd and fl1oor slabs act as

diaphrazms. The colunns zn-4 main structural walls transnmit
vertical load to the base slab, -

o..g- a\\mm\ob ‘.'>l<rt$‘>u, Cor Var AAAqu\A

‘:0\’ \0*‘9\ C_M-\9‘ NL‘\O*L) T‘\,\l 3.%'4 -1

diesed gemirator bu:\é“'ﬁ“ e
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to transfer the reaction of tho>pile to the wale. The wall was
divided into sections and analyzed as a multibraced wall or

cantilever wall depending upon the depth of backfill on the
"110

3.8.4.4.7 Miscellaneous ERCY Structuzes
Slabs and Beams Supporting ERCY Pipes

The slad supporting the ERCY pipes was analyzed by the use of
McDonnell-Douglas’ ICES Strudl computer program. Support was
assumed to be furnished entirely by the bearing piles and the
piles were designed for the reaction from the computer analysis.

Missile protection is provided by zroller compacted comcrete above
the pipes.

The beam encasing the ERCY pipes are anslyzed as simple beanms
with no support from the soil. The encased pipes are in the
tension zone of the beam; therefore, the design is for a
rectangular beam with no special consideration givem to the

embedded pipe for flexure or shear. The concrete encasement is
designed for missile penetratjion.

Discharze Overflow Structure

The discharge overflow structure was analyzed assuming it as a
series of flat plates. The concept of joint continuity was

utilized with the plate analysis by designing the Joxnts for the
larger moment from adjacent plates.

S e Structu

The stnndpipe structures consists of a free stnhding cantilever
supported on 8 flat slab base on insitu soil. Generally, the
structures were considered solid mass concrete and the design was

controlled by structural response for missile impact utilizing an
elastic analysis.

Yalve Covers

The fuanction of these structures is solely to protesct the ERCY
valves from Tornado missiles; therefore, the design was for
missile penetration only. ' ‘

M l1e P S nd B

See Section 3.8.4.1.7‘57

®_ . ...

3.8.4-32
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Base Slab Desién

The base slab i3 pile supported. The slab was designed for a unifora
live load except where equipment weights dictated a higher value. -
Equipment loads due to vibration or earthquake acceleration that were
transmitted to the slab from anchor bHolts were also taken into

consideration. In addition, the slab. was desizned for hydrostatic
pressures,

The base slab is a rectangular cast-in-place reinforced concrete
structure with diesel fuel storage tanks embedded in it and is supported -
by piles bearing on rock. ,

Roof Slab Design

The roof slab was designed for live, seismic, and tornado loads. (//’//

L
: t 1 : : )

Ploor Slab

The floor slad is a poured-in-place reinforced concrete slabd designed

gn
%0 carry and transmit the floor loads to the building ualls:/3b8<§f§b —
was designed for a uniform live load.

cterior watts | 1 1 1 1 __ [
Exterior Walls . ' ! ' r
. - |

Th N .
e building was designed for tornade venting. However, the extericr

1s.were d?Sisned for tornado, wind, and seismic loads.
| [ i ! | -

I

N 1 ; N ) v i !
The steel liner serves no other function except to maintain
leaktightness and, therefore, was designed in accordance with AME—T—
Boiler and Pressure Vessel Code, Section VIII, Division I. 1In |
addition, the liner was designed to prevent bucklifg of the steel
shell due to the following external loads. .

—————

a.  Hydrostatic pressure from underground water..~
b. Shrinkage of the concrete encasement during construction. — —f——

¢. Expansion or contraction due to temperature differentials. —
f»{/x{ ~

/'/Of‘ 1//4mi27a.z{A /'4 v/'a/s 54/YL4 /*qujlvy!duy}ls
G o o O —

fuel oil storage tanks meet the requirements of the National Fire

Protection Association (NFPA) Code 30 which applies to fuel oil
storage tanks su

fdiese} fuel). .
|

—

pplying underground  storage of a3 class II liquid _,/”i__

T

| -
N Eermrdien

{
2l Duii )
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Fqui.gﬁent Déor R ' ’ I

The equipment door i3 composed of a structural steel fp.mﬁ covared

L on both sides with a steel-skin plate.

The ot wesdle PMissile barrier -
A ’;mcaat concrete,bulkheads are placed in front of the e pment doors o

.provide protection from tornado-generated missiles, wALA are ofiscesum /19—
Beedion 3.8:4./0 70 I ¢s46/,‘s/7md the reguires! tancrete Hchness Aor ‘\H‘"d".“,z
. 'Allowable Settlement  barriery, 7d Qs tclrabion was grven Ao e ¢puimind
S 0nd Hese bajriers art 0231800 43 '

: The duilding was designed to accommodate a settlement of 2 inches, !

'a differential settlement of 1 inch over a 96-foot structure 1 .

|

End-Bearing Steel H-Piles

——The piles were desizned to withstand yransmn. to rock the effects of

‘the design loads and conditions.

Sei‘smic Analysis

' The structure was analyzed for the effects of the operating basis

earthquake (OBE) and the safe shutdown earthquake (SSE)@s described

v

—

t

] i ‘5«{//?” 3.?7.2.1./.' B | | B !.

| S

! |
| | | | |
~ |




e e N L e et L e Y G B D K e N Ll b W B e e U e e L L e L L

- .WBNP-42

3.8.4.5 Structural Acceptance Criteria

3.8.4.5.1 Concrete

The Category I structures were proportioned to maintain elastic
behavior and stresses within stress allowables when subject to

the loading combinations of Section 3.8.4.3.

A maximum shear stress from the Safe Shutdown Earthquake of 230

psi occurs at the base of the south wall of the Diesel Generator
Building. Considering only those wall portions with height to
depth ratios of less than one, this 1s less than 91 percent of
the allowable. .

The stresses in shear walls parallel to the direction of the
lateral earthquake forces in the Auxiliary Building are as

follows: :
: Maximum Calculated Stress Allowable
Elevation Safe Shutdown Earthquake ¥ Stresses (psi)
N-S =~ . E-W

692-713 116 232 | 250
713=-737 , : 134 198 250
737-757 144 ‘200 . B 250
757=T72 112 ’ , 150 ’ - 250
772-786 : 94 o132 250
786-801 152 192 _ 250
Above 801 120 - 232 ~ 250

l OWN2_ = \h‘\ Q.

Ve Yaboclaledl values.

3.8.4.32;
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Earthquake shear stresses were insignificant in all other
structures.

Most Category I structures are essentially low profile box struc-
tures with height to base ratios less than 1.0 and a high factor
i : of safety against sliding or overturning under the most severe

: ' loading conditions. Those structures with height to base ratios
greater than 1 are designed with adequate factors of safety
applied to stability. In addition, all structures are designed

BRI to flood or have sufficient weight to prevent flotatlon under
| s maximum flood conditions. ,

; 3.8.4.5,2 Structural Steel

Structural steel and welds are designed in accordance with  AISC
"Manual of Steel Construction," Seventh Edition, for Case I
loading condition so that the stress in the members and connec-
tions do not exceed the allowable stress criteria as set forth in |
the February 1969 AISC "Specification for the Design, Fabri- !
cation, and Erection of Structural Steel for Buildings," as

amended through June 12, 1974. For the factor of safety of these
allowable stresses with respect to specified minimum yield point

of the material used, see Section 1.5 of "Commentary on the
Specification for the Design, Fabrication, and Erection of

- ‘Structural Steel for Buildings." Both specifications and com-

! mentary and included in the AISC "Manual of Steel Construction.™

For Case II-Ioading condition the actual stresses do not exceed
the allowable stresses as set forth in Table 3.8.4-2. The
allowable stresses for Case II loading have a minimum factor of

safety of 1.11 based on the specified minimum yield point of the
material used. o

j}wU}%a///Ps.B.u.5.3 Miscellaneous Components of the Auxiliary Building

Control Room Shield Doors

: Allowable stresses for ‘all load combinations used for the various
parts of the door and dogs are given in Table 3.8.4-3. For
.normal load conditions the allowable stresses provide a safety
factor of 2 to 1 on yield for structural parts and 5 to 1 on
ultimate for mechanical parts. For the limiting condition of

safe shutdown earthquake (SSE), stresses do not exceed 0.9
yield.

Watertight Equipment Hateh Covers

| N N : . -C\oq\ﬁ\\'osa agﬁ
¥ 5'\&:.“\;-\0“ o?r s\_\A( \ O\rvflruﬂm ) "-“‘9* . K
q;&"\\-*\c:‘-k a‘\éﬁo\ %m&or ‘D:\%\ see “:{.} \Qg&n-s w\linM‘» wo‘\

PAL TR WA Cclor of 5‘%—\, {,\-To.\b\oé ?3%34 -22.
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3.8.4.5.5 Diqsel Genersator Building Doors and Bulkheads oo

Load combinstions and allowable stresses for all combinations are
given in Table 3.8.4-13. For missile impact, yield point of
material will be exceeded and the member practically deform. For
pormal load condition, the allowable stresses provide safety
factors of 2 to 1 on yield for structural parts and 5 to 1 on
pltimate for mechanical parts. For limiting conditions, except
for missile impact, stresses do mot exceed 0.9 yield, '

51

3.8.4.6 Materials, Quality Control, and Special Comstruction
Techniques :

General

Sees Section 3.8.1.6.

3.8,4.6,1 Materials

See Section 3.8.1.6.1.

tEFV)r‘//’)Z.8.4.6.2 Quality Control ‘
.55§?>° ’

Concrete production and testing were as in Section 3.8.1.6.2.

1
‘

In sddition to -the 4000-psi-at-28-days mix discussed in Section

- 3.8.1.6.2, a 3000-psi~at-28-days mix, a 3000-psi-at-90-days =iz,
a 5000-psi-at-28-days mix, .and 2 4000-psi-at-90-days mix were
used. Test results were in full conformance with
specifications.

42

Testing of reinforcing steel -and cadweld splices was as in
Section 3.8.1.6.2.

The control room shield doors, watertight equipment hatch covers,
railway access hatch covers, railroad access doors, equipment
-hatch doors and sleeves, manways in the RHR snmp valve room, and
the pressure confining personnel doors were designed and erected
by TVA in accordance with TVA’s quality assurance program.

. Design and fabrication by the contractor were in accordance with

e the contractor’s quality assurance program which was reviewed and

(;:i approved by TVA's design engineers. The contractor’s quality
assurance program covers the criteria iz Appendix B of 10CFR50.

2.04.5.0 Abhleal Diesel Gamerrm Yo %“‘.\A\wé Missle Raeriers N
D-Qﬁ‘*@l\ oQ- mbsh Daseicrs Q‘J" ‘\(\"4 “&A*L‘C-«& Akyi caﬂ-v-u-*\x'b(' \0‘-:\\' w
o disoummedl L~ Secdion 2.5 3.\
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Rolled shabes plates, and bars meet Specification ASTM A 36.
Fabricated high-strength steel meets Specificaton ASTM A 572 and

bolting meets Specification ASTM A 325 or A 490. Ancho%eer—_““- )
ASTM A 307 or A 36°steel. _—_

Reinforcineg Steel

. The yleld strength of reinforcing steel uaed in the bdui g is 3
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O Fabrication procedures such as welding and nondestructive testi.ngw
were included in appendices to the contractor’'s quality assurance-—
program, h

ASTM standards were used for all material specifications and i
certified mill test reports were provided by the contractor for 47
materials used for all load~carrying members.

The manufacturer certified QA standards were followed in the 51
construction of the fuel pool gates.

3.8.4.6.3 Special Construction Technigues .
. ¥£;,4L;-Q&A o\ storegt
fakes 10 ARC SRR RTIR O Sechtapna Yere medy (R

«
.8.4.7 Testing and Inservice Surveillance Requirements

3.8.4.7.1 Concrete and Structural Steel] Portions of Structures

A program to monitor the settlement of other Category I struc-
tures has been instigated as shown in Figures 3.8.4-66 and 3.8.4-
67. '

3.8,4.7.2 Miscellaneous Components of Auxilliary-Control

. = "Building

Control Room Shield Doors

After eroction and adjustment the doors were inspected for proper
operation of the dogs and free movement on the trolleys.

After the initial inspection, periodic visual inspections of the
doors are to be made. Parts inspected during these visual

inspections are to include connections to trolleys, strumctural
members for paint deterioration, and dogs.

Yatertight Pquipment Hatch Covers

After initial inspection, periodic visual inspections of the
covers are to be made., A visual inspection will de made of all
screws to see that they are securely tightened and that none are
missing, The locks will also be inspected to ensure that they
remain in place, workable and locked at all times during plant
operation. The painted inscriptions om the covers will be
inspected for any deterioration., Im the event that the hatch
covers are removed, an inspection will be made of the gaskets to
insure that they are clean and free of any damage or
deterioration which would prevent their forming a proper seal..
The embédded frames will be inspected to ensure that the mating

surfaces are clean and free of foreign material before the covers
are reinstalled. -

0
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direction. Three closed cells are formed by these valls in _
combination with the Reactor Building wall. These closed cells
are backfilled with a noncompacted crushed stone. The valve room
foundation walls are separated from the reactor building
foundation and wall by a 2-inch fiberglass expansion joint
material, )

Diesel Generator Building

The base slab of the Diesel Generator building is discussed in
Section 3.8.5.5.2. Based on soils laboratory tests, it could not
be assured that the existing material between the top of firm
gravel at elevation 713 and base slab was capable of safely
supporting the structure. Therefore, this material was removed
and replaced with crushed stone fill placed in 4-inch layers and
compacted to a minimum of 70 percent relative density. (See
Section 2.5.4.5.2.) A slope stability analysis was performed in
order to assure stability of the slope below the building.

Refueling Water Storage Tank

The refueling water storage tank foundation is a solid, circular
reinforced concrete structure placed on engineered granular fill
over firm natural granular soil. The foundation is constructed
with-shear keys to prevent sliding displacement and with -
retaining walls to contain a reservoir of borated water after a
postulated rupture of the storage tank. The foundation is
protected from missiles by a concrete apron,

Discharge Overflow Structure

See Section 3.8.4.1.7 for a description of the discharge overflow
structure foundation.

Class I Blectrical System Manholes and Duct.Banks

The manholes and a portion of the duct banks are supported on
insitu soil. The duct banks at the intake pumping station are
supported on insitu soil, piles, and a bracket on the pumping
station wall, see 3.8.4.1.4 for additional information.

ERCY Standpipe Structures

’

See 3.8.4.1.7 for the standpipe structures.

ERCW Pips Supporting Slabs and Beams

See 3.8.4.1.7 for a description of tﬂe beams and slab.

ERCY Valve Covers

See 3.8.4.1.7 for a description of these structures.

fnwf 3.8/ -7 | 3.8.5-3
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ADDITTONAL DIESEL GENFRATDR BUILDING

THE BASE SALAB OF THE APDITIONAL PDIESEL (GENERATOR

BUILDING TS DISCUSSED TN SECTION 3.8.4.4.8. STIMILAR

TO THE PIESEL GENERATOR jQILDTNGJ TT COVLD NoT BE
ASSURED THAT THE EXLSTING SOIL BETWEEN THE ToP OF

EIRM G RAVEL AT ELEVATION 27213 AND THE BOTTOM  oOF THE

BASE SLAB AT ELEVATION 230 COULD SAFELY SUPFORT

THIS STRUCTURE . THEREFORE THE RBUILDING wAS  SupPPoRTED

ON END BEARING STEEL H-PILLES DRIVEN  To  REFUSAL

IN SounDp Rock oR OTHER SUITABLE MATERIAL . FOR

ADDT TronAL. INFORMATION oN THIS STRUCTURE SEE

SECTIDN 3.8.4 /1.8,

O PP 3.8.5-3 M
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O 3.8.5.2 Applicable codes, Standards, and Specifications

See Sections 3.8.1.2, 3.8.3.2, and 3.8.4.2.

3.8.5.3 Loads and Loading Combinations

-The loads and loading combinations are déscribed in Sections
3.801-3, 3'803.3, and 3-80uo3oj

3.8.5.4 Design and Analysis Procedure

3.8.5.4.1 Primary Containment Foundation

The foundation was analyzed as a slab on a rigid foundation. The
slab was analyzed using computer code Gendek 3 Finite Element
Analysis of Stiffened Plates.

Maximum tangential and radial moments were obtained using the
finite element analysis of the various load combinations. Shear
stresses were obtained by conventional analysis for the con-
tainment vessel anchorage and major equipment loadings.

3.8.5.4.2 Auxiliary-Control Building

O -The reifforced concrete base slab of the Auxiliary-Control Build-
ing was designed in compliance with the-ACI Building Code 318-
63. It was analyzed by the ICES STRUDL-II finite element method
as a slab on an elastic foundation. In the ICES STRUDL- II
program the foundation material was modeled by assigning a
vertical 3spring to each node of the grid system which was used to
represent the base slab. The base slab was divided into
elements with wall stiffnesses being recognized by introducing
flexural rigidity along the wall and torsional rigidity being
recognized by including a rotational spring. Superposition of
the various loading conditions were used to obtain maximum
stresses. Manual calculations gave results for the bending
moments which checked reasonably close with those obtained from
the ICES STRUDL-II analysis. A standard frame analysis was also
performed in order to determine the shearing forces in the slab.

Shear walls fixed to the base slab transmit lateral force to the
slab; the base slab itself is keyed and anchored into foundation
rock to transmit shear from the structure into the rock.

The 45-inch-thick sladb of the waste packaging area was designed
for a uniform distribution of base pressure to span as a flat
plate between the load bearing walls. Walls were thicker than-

necessary for structural purposes because of shielding require-
ments.

O - 3.8.5-4
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% WQste Packaging Structure

This structure is situated on well-compacted crushed stones back-
fill above rock and was designed for a normal allowable uniform
i bearing pressure of 4 xips per square foot and a maximum allow-
' able pressure with 70 percent or more of the base in compression
of 8 kips per square foot under maximum overturning forces.
Actual caloulated bearing pressures were 1.4 ksf for uniform
loading and 6.7 ksf with 72 percent of the base in compression
for maximum overturning forces.

Diesel Gemerator Building

The structure is situated as described in Sectionm 3.8.5.1.2. The
base slab of the Diesel Generator Building is 9 feet 9 inches
thick founded on crushed stome backfill and located above maximum
i possible flood elevation 740.3. The structure was designed for 2
normal allowable uniform bearing pressure of 4 kips per square

g foot and & maximum allowable pressure of 8 kips per square foot

: under maximum overturning forces. Actual calculated bearing
pressures for the Diesel Generator Building were 2.0 kips per
square foot for uniform loading and 4.9 Xips per square foot for
maximum overturning forces with 100 percent of the base in
compression. _ -

;' 3.8-.5,.6 Materials, Qualitvy Control, and Speciml Construction
§ o Technigues '
4% General

Sees Section 3.8.1.6.
3.8.5.6,1 Materials

Concrets and Reinforcing Steel

See Section 3.8.1,6.1

Backfill Materials

Backfill material was- taken only from areas designated by the
s0ils investigation. program (see Section 2.5.4.5.2) as suitable
for backfill material. :
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4., Component cooling water pumps

These pumps, energized from the diesel generator, start
automatically following a loss of normal electrical power.
Start/stop controls located outside the control room (as well
as being provided inside) will be provided.

§. Instrument air compressors
These compressors start automatically on low air pressure.
6. Reactor containment fan cooler units

Start/stop motor controls with a selector switch will be
provided for the fan motors. The controls will be located
outside as well as inside the control room.

45
7.4.1.2.3 Dijesel Genexatozs

These units start automatically following a loss of normal ac o
power. However, manual controls for diesel startup wiltl—ealse—dbo
provided locally at the diesel generators (as well as in the
control room).

7.4.1.2.4 Valves and Heaters
1. Charging flow control valves

Remote manual control with a selector switch for the charging
line flow control valves are provided in the same area as the
auxiliary feedwater controls. These controls duplicate
functions available in the control room.

2. Letdown orifice isolation valves

Open/close controls with a selector switch for the letdown
orifice isolation valves are provided outside the control

room. These controls duplicate functions that are inside the
control room.

IN THE EVENT THAT ANY ONE oF THE FouR DL FsEL GENEBRATOR
UNITS IS TNopSRABIE, THE AWDLITIONAL DIESEL GENERATOR UNIT CAN

BE MANVALLY ALIGNED TO REPLACE THE TNOPELABLE UNIT. oNCE

THE ADDITIONAL PIESEL GENERATOR uNIT HAS BEEN MANVALLY -
ALTGNED | IT \wIll B CONTRoLLED ABY THE CONTRoLS (LN THC MAIN

coNTROL Room) oF THE uNIT BEING REPLACED.
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8.0 ELECTRIC POWER

8.1 INTRODUCTION

8.1.1 Utility Grid and Inteorconnections . )

The Tennossee Valley Authority (TVA) 1s a corporation of the
Uoited States Government serving the State of Tennesses and
parts of six othor States in the southosst on the boundaries of
Teanessee. TVA is intercomnnected with electric power companies
to the north, west, south, and east of its service area. As
shovn in Figure 8.1-1, the TVA grid consists of interconmnectad
hydro plants, fossil-fueled plants, combustion turbine plants,
and nuclear plants supplying electric enmergy over a transmission
system consisting of various voltages up to 500 kv.

The Watts Bar Nuclesr Plant {s located 48 miles northeast of
Chattanooga, Tennessee, on the west bank of the Tennessee River.

The plant is conmected into a strong existing transmission grid
supplying large l1oad conters. Both nuclear units are connected 57
into TVA’s 500-kv transmission system. Onec unit 1s connected

with three and theo other with two 500-kv transmission lines which

are integral parts of tho 500-kv transmission grid. Normal power
for the operstion of a navclcear unit is supplied from unit station
service transformors whén the unit is conmmected to the

.- transmission system through {ts main transformer bank. Preferred

power is supplied from the existing. Watts Bar Hydro 161-kV
Switchyard over two radial lines located entirely onm TVA

property. The Watts Bar Bydro 161-kXV Switchyard is ap
iaterconnected with the TVA power system through six 161-kV ’

tranmission lines, five hydro generators, and four steam
generators,

8.1.2 Plant EBlectrical Power Svstem

The plant electric power system consists of the main generators,

thoe unit station service transformers, the common station service.
transformers, the diesel generators, the batteries, and the A 48
electric distribation sy¥tem as shown on Figore 8.1-2, 8.1- %X

and 8.1-3. Under normal operating conditions, the main

generators supply elcctrical‘pover throagh isolated~phase buses

to the main step-up tranaformers and the unit station service
transformers located sdjacent to the Turbine Building. The

primarieos of the unit station service transformers are conmected

to the isolated-phase bus at a point between the gonerator

terminals aad the low-voltage connection of the main

transformers. During normsl operation, station anxiliary power

is taken from the main generator through these transformers. B

"During startop and shutdown auziliary power is supplied from the

161-kv system through the common station service transformers.
The standby (onsite) powor 1is lnpplled by four diesel gonoratora,.
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The safety objeotive for the powef syétem is to furnish adegquats
electric power to ensure that safety-related loads function in
conformance with design criteria and design bases, Major loads

on the electric power system having assigned safety related
functions are shown in Table 8.,1-1,

The safety objective has been accomplished dby: (1) establishing
design criteria and bases that conform to regulatory documents
and accepted design practice, and (2) implementation of these
criteria and bases in s manner that assures a system design and a
constructed plant which satisfies all safety requirements. The

applicable documents governing the design are shown in Section
8.1.5. '

-8.1-2 and 8.1-2a depicts the plant distribution s
that recel ¢. powver from the two nuclear pow its, the
two independent pre rréuits, aad four
4400-%x¥ diesel-generator stan te) power sources and
distributes it to both —related an safety—related loads
in the plant. o preferred circuits have acce the TVA
transmi "network which in turn has multiple interties wi
8T transmission networks.

The safety—related loads are arranged electrically into four
power trains, two for each nuclear unit. Power traims 1A and 24
comprise load group A, Power trains 1B and 2B comprise load
group B. Two diesel generators and onme load group can provide
all safety-related functions to mitigate a LOCA in one unit and
safely shutdown the other uait. Each power train of each uanit

"has access to a diesel generator (standdy source) and each of the

two proferrad offsite sources,

Figure 8.,1-3 depicts the vital a.c. and d.c, control power
distribution systems that connect four 125V batteries, four
battery chargers and eight 120V a.c. mninterruptable power
systems (UPS) with their respective safety-related loads. The
125V d.c. distribution system 1is a safety—related system which
receives pover from four independent battery chargers and four
125V d.c. batteries and distributes it to safety-related loads o?f
both uwnits., The 120V a.c. distribution system receives power
from eight independent UPSs and distributes it to the
safety—rolated loads of both units. These systems are descrided
in Sections 8.2 and 8.3, . -

8.1.3 Safety-Ralated Loads

Major loads requiring electric power to perform their
safoty—-related function are listed in Tadble 8.1-1.

8.1.4 Design Bases

The doesign bases for the electric power system are 1isted below,

8.1-2

48

52

48




Figures 8.1-2 and 8.1-2A dépict the plant distribution system that receives
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AC power from:

8.

b.

Ce

d.

K

The two nuclear power units.,
The two independent preferred (offsite) power circuits, which have
access to the TVA transmission network, and in turn have multiple
interties with other transmission networks.

The four 4400-KW diesel generator standby (omsite) power sources.

The 4400-KW additional diesel generator unmit, which may be used as

a replacement for any one of the four existing diesel generators.

The power received from the above sources is distributed to both
safety~related and non-safety-related loads in the plant.
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of pover) thus a single failure and/or a loss of offsite power
doos not prevent the safe and ordorly shutdown of elther unit.

Plaant common loads such as energeﬁcy gas treatment are supplied
from unit 1, channels I and II. :

Tan no case does the sharing inhidbit the safe shutdown of one unit
while tho other unit is experiencing an accident. All shared
systems are sized to carry all credible combinations of normal
and accident loads. '

RG~-1.81
Position C2

a, Vatts Bar is a two—-unit plant.

b. With a single failure (loss of a battery or loss of a diesel
generator) in the plant sufficlent ESF loads are still
automatically available to the accident unit and to’lafe}§
shutdown the remaining unit. The shared safety systems are
dosigned so tbhat ome complete header (train) can shutdown one
unit with a design basis accident and the other unit with a
concurrent full load rejection. For these events, electric
motors driving equipment in the shared systems are connected

_without .regard to which unit has initiated the accident -
signal. Thorefore, a spurious accident signal in the
"monsccident unit concurrent with an accident in the other
anit will not cause s standby power supply to be overloaded.

¢. The most severe DBE is an asccident in one unit and a trip of
the other unit. Sufficient diesel generator (DG) power is
available to attain a safe and orderly shutdown of both units
with the loss of one DG unit. Assuming the loss of offsite
pover, s design basis accident in one unit, and a full load
rejoction in the other unit, one division of ESF ‘equipment
can bo used to bring the plant to a safe and orderly cold
shutdown. Therefore, the safe shutdown could be achieved
with the complete failure of a power train in one unit or
even with the coupleto failure of the same power trainm (~A or
-B) in both units. -

d. Thoe DG units and the onsite dist ntion system are arranged
in two redundant trains per unit Due to the shared ESF
system (example: ERCY) only one DG vnit per plant can bde
taken out for maintenance or tested at a time. With only one
DG unit unavailable, this will ensure power is sapplied to

enough ESF equipment to safety shutdown both units, assuming
the loss of offsite power. . ”

e. No interface of the unit operators is required to meeot
position 2.b, and 2.c.

8.1-11
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NS 8.3 ONSITE (STANDBY) POWER SYSTEM : : T

8.3.1 A.,C, Power Svstem

The onsite a.c. power system is a Class IE system which consists
of: (1) the Standby A.C. Power System, and (2) the 120V Vital
A.C, System. The safety function of the Standby Power System is
to supply power to permit functioning of components and systems
required to assure that (1) fuel design limits and reactor
coolsnt pressure boundary design conditions are not exceeded due
to anticipated operational occurrences, and (2) the core is
cooled and vital functions are maeintained in event of postulated
accidents, subject to loss of the Preferred Power System and -
subject to any single failure :in the Standby Power System. :: The
safety function of the 120V Vital A.C., System is to supply power
continanously to resactor protection, instrumentation, and control
systems; engineered safety features instrumentationm and control
systems; and other safety-related componsnts and systems, subject

to loss of all a.c. power and any single failure within the Vital
A.C, System, ’

8.3.1,1 Description

Standby A.C, Power System 4 -

The Standby A.C. Power System is s safety-related system which
continuously supplies power for emergizing all a.c.-powered .-
¢lectrical devices essential to safety. Power continuity to the
6.9-kxV shutdown boards is maintained by switching among the
nuclear unit source (the normal source), the preferred (offsite)
sources, and the standby (onsite) source. Source selection is
accomplished by automatically transferring from the nuclear unit
source to the preferred sources to the standby source, ia that
order. The reverse transfers are manual. The circumits
connecting the normal, preferred, and standby sources to the

, distribution portion of the Standby Power System are shown in

A.__ﬁFiguta 8.1;}X. The norma)l and preferred power circuits and the 48

transfer scheme used to effect the source switching for these
circuits 1s further discussed in Section 8.2,

System Structure
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It is shown on Figure

The Standby Power System is divided into two redundant load

groups. Each load group is composed of two power trains (train 48
= 1A and 2A; train - 1B and 2B) and supplies power




The standby AC auxiliary power distribution system consists of the

System Structure
Page 8.3-1 L
InsertfC . T

following: f

a.
b.
c.

d.

075305.01 [

The four Class lE existing diesel genmerator units (EDGU).
The 6.9-kV shutdown boarda. -
The 480~V shutdown boards.

All the motor comtrol centers supplied by the 480-V shutdown
boards for both units.

The Class 1E additional diesel gemerator unit (ADGU) when it is
replacing one of the EDGU.

The 6.9-kV diesel genmerator board C-S.
The 480-V diesel auxiliary supply boards A and B.

-
-

The 480-V diesel auxiliary board Cl-S and C2-S.
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O to all plant safety-related equipment. The power train ' ‘ .

assignment for safety-related electrical boards is indicated by 48 _ )
use of a -A or -B suffix following its designation on all
drawings and documents., Loads supplied from these boards are
safety~related unless designated on the single line drawings with
a triangle symbol, Equipment shown on schematic drawings is
safety-related when designated with a train assigoment of A or B, 48
Nonsafety-related loads are also supplied from the Standby Power
System through Class IE breakers. 52

Phvsical Arrangemen Co ne .

The boards, motor control centers, and transformers comprising

. the system are arranged to provide physical independence and
electrical separations between power trains necessary for elim- -
inating credible common mode failures. The power trainm assigno-
ment for safety-related electrical equipment is indicated by use

of an -A or ~B suffix following its designation on all drawings
and documents,

The specific arrsngements of these major components are described
as follows: ‘

Reference: Figures 8.3-1 through 8.3-4,

(o.wl 2318 - ' -

Diesel Generatofs

' The physical srrangement of/the fowr diesel generators and sll
support equipment provide physical independence by lsolation as )
indicated in Fignrehs 3-1, EBach diesel generator and its (}Deu‘

52
associated support equipment is separated from al others by . .
. missile and fire barri cfzp\e walls. ‘ha g\ \ w\or ‘k-A\S \OCASKJ& ‘
W afge’ | ADGW buwldl W3 segerale DHAR YR i Atenel AN ‘
| |

6900~Volt Shutdown oards 1A-A, 1B-B, 2A-A, “and 2B-B

These boards are located in the Aunxiliary Building at elevation
$57.0. They are arranged electrically into four power trains (2
7 48
per unit) with two boards associated with each load group and
each urit. - The boards comprising load group A-are located in the
Unit 1 area and those of load group B 'are located in the Unit 2
area, The load group A boards are separated from the load group
B boards by an 8-inch reinforced concrete wall extended to the 52
ceiling, The minimum distance between load group A and load
group B boards is 8 feet 11-1/2 inches. The two boards
assoclated with load group A or load group B are separated from
esch other by a distance of 19 feet 9 imches.

6900-480~-Volt Shutdown Board Transformers 1Al-A, 1A-A, 1A2-A,
1B1-B, 1B-B, 1B2-B, 2A1-A, 2A-A, 2A2-A, 2B1-B, 2B-B, and 2B2-B

These transformers are located in the Auxiliary Building at

‘II" ‘ . -: _ ;.3-2 . ‘::weivl; Egt>
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The ADGU which has the same capacity as any one of the existing diesel
generator units (EDGU), 4400-KW, may serve as a replacement of any ome of
the four EDGU. It has mo train designation until it has been manually
aligned (electrically, mechanically, etc.) to replace an EDGU. Then it
will assume the train requirements of the unit being replaced and shall be
considered to be a part of the engineered. safeguards. (See Figures

- 8.3-24A and 8.3-24B.)

The manual electrical alignment sequence is as follows:

a. Control and annunciation cables - The control and annunciation
switching required to gubstitute the ADGU for a trained DGU will
require the dnsfer of the control and annunciation cables at two
isolation points.(/)At the disabled DGU's control and annunciator
distributiod panels lgcated in the diesel generator building, the
control and\annuncigfion cables required for operation of the disabled
DGU will be ¥witcled to those cables required for the operation of the

ADGU.w
<£i)1u the ADGU building, the ADGU's control and annunciatioh cables are

connected to the disabled DGU train control and annunciation
connectors. The connectors are keyed to assure that each plug can only
be plugged into the correct receptacle. This design provides
separation of trained equipment by energizing only one set of ADGU
control connectors at a time and providing two isolation points to
preclude a single failure from affecting more than one DGU (see Figures
8.3-14A through 8.3-29A).

When the control and anpunciati s have been made, the ADGU
it replaced in the main
femote, and remote

control room. This will al ov leeel-manuail,
automatic starting of the U.

Panels located in the ADGU bui all of the controls

necessary to permit operation and testing of the ADGU locally. (See
Figures 8.3-14A through 8.3~29A.)

b. Disconnect and transfer - The disabled EDGU 6.9~kV disconnect switch
is opened, and then the transfer switch to the ADGU is closed. The

disconnect and transfer switches are Class 1E qualified. (See
Figure 8.1-2A.) :

¢. Feeder breaker - The 6.9-kV feeder breaker is racked into the

compartment of the 6.9-kV DG board C-S, for the disabled EDGU, and
closed.

With the controls, annunciators, transfer switches, and circuit breaker
aligned as described, the ADGU is an exact electrical functional
replacement for the disabled EDGU.

075305.01
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elevation 772.,0, Four rooms have been provided so that the
transformers associated with power trains A and B of both nncleer 1'52”
anits are in separate rooms, The walls isolating these rooms are
made of 8-inch reinforced concrete and extend to the ceiling. -~
The three transformers sassociatod with one traian of each umit are -
{3f|ted in one of the four rooms, (Figure 8.3-2) . 152

4830-Volt Shutdown Boards 1Al-A, 1A2-A, 1B1-B, 1B2-B, 2A1-A,
2A2-A, 2B1-B, and 2B2-B

Separate rooms for the 1A, 2A, 1B and 2B boards and their re- ' 48
spective 480-volt Conmtrol/Auxiliary Building Veat boards ars

located in the Auxiliary Building at elevation 757.0. (Figaure
8.3-3) _ : 52

.480-Volt Reactor MOV Boards 1Al-A, 1A2-4A, IBI-BL 1B2-B, 2A1-A,

2A2-A, 2B1-B, asnd 2B2-B

These boasrds are loceted in the Auxiliary Building at elevation

772.0. They are located in separate rooms on a power traian 52
basis and are located in the same room as the reactor vent boards
associated with the same unit and train., The 480-volt Auxiliary
Building common board is in the room with MOV boards 1Al1-A and
1A2-2. The isolating walls of these rooms are constructed of 8-
inch reififorced concrete extended to the ceiling. (Figure 8.3-2) 30

480-Volt Resgtor Vent Boaxds 1A-A, 18-8, 2A-A, azd 28-3

These boards are located in the rooms vith the 480-volt reactor
MOV boards described above. (Figure 8.3-2) 52

480-Volt Controi/Anxilier! Building Vent Boards 1Al1-A, 1A2-A,
1B1-B, 1B2-B, 2A1-A, 2A2-A, 2B1-B, and 2B2-B

These boards are located in the rooms with the 480-volt shutdown
boards described above. (Figure 8.3-3)

480-Volt Diege] Auxiliary Boards 1Al1-A, 1A2-A, 1B1-B, 1B2-B,
2A1-A, 2A2-A, 2B1-B. -awd 282-8)'¢1-$ awd C2-S

These bosrds are located in the diesel generator building at
e1evat10n-¥6¢5__ff?y are located in separate rooms on a unit and
train basis. The isolating walls of the rooms are reinforced,
poured-in~place concrete, . Interconnecting doorways are protescted
by self-closing fire~resistanet doors. (Figure 8.3-4)

6900-480~Volt Pressurizer Heater Trans{ormers 1A-A, 1B-B, 1C, 1D,
2A-A, 2B~-B, 2C, and 2D

These transformers are loaated in the Auxiliary Building at .
elevation 782.0, Transformers 1A-A, 2A-A, 1D and 2D are located

'zt.o.s axcepd for Poards CA-S a.,&. C2-s wWhide are \oaul
AAFG #RZSLL ¥u¢\&h—b o gﬁcuaA(&~ TL0.
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6900-Volt Diesel Generator Boafd (c-S)

This board is located in the ADGU building at elevation 742'-0" and is
connected to the ADGU through a normally closed breaker at compartment B,

. Compartments F, H, J, and E of this board feed the existing DGU tramsfer
switches. Only one breaker for these four compartments is used, thus
allowing the ADGU to be connected to ome transfer switch at any one time
vhen it is being substituted for an EDGU (see FSAR Figure 8.3-24B).

075305.01
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480-V Diesel Auxiliary Supply Board C-S

This board is located in the ADGU building at elevation 760'-0". It has
two buses, bus A and bus B, separated by a bus tie breaker (1B).

For normal operation power is supplied from the 6.9~kV common board A
panel 15. ‘

- and with the ADGU aiigned to replace any
disabled EDGU, the ADGU will supply power to Class 1E loads required to

support the ADGU in its operating mode. (See Figures 8.3-30A through
8.3-31cC.)

UPON LOSS OF
OFFSITE POWER

075305.01
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The events which initiate a safety injection signal are discussed
in Chapter 7. ' :

For test and exercise purposes, & diesel generator may be
manually paralleled with a normal or preferred power source. A
loss of offsite power or a safety injection signal will
automatically override the manual controls and establish the
appropriate aljgnment. ’

The diesel can be started by manually operated emergency start
switches located on the unit control board in the Main Control
Room and Auxiliary Control Room. (The diesel also has a local
manual start switch as well as remote start from the Main Control
Room for test purposes). Automatic starting is from an accident
signal or a loss of voltage or degraded voltage signal, All
automatic and emergency start signals operate to deenergize a
normally energized control circuit. These signals also operate a
lockout relay that removes all manually operated stop signals
cxcept emergency stop and all protective relaying on the
generator except generator differential. The lockout relay must
be manually resetyat the diesel generator relay panel in the

o ToITs dicsel building, A local idle start switch is provided to start
27ANDBY and run the engine at idle speed for durations of unloaded
ALIGNMENT operation. During this type operation any emergency signal will
?DTC‘:E cause the engine to go to full speed and complete the emergency
u . H - - ’ .
erreitt—
BurLoIngStart SEQUENCE,

Internal combustion engines operate most reliably at the rating
for which they are designed. At extended light load operation,
lube o0il can be expected to accumulate in the exhaust system.

Manufacturer’s recommendations are that the diesel generators not
be run for extended periods of time at less than 50% of
continuous rated load. For all situations, TVA has loads

continuously available to the operator that exceed 50% of the
continuous rated load.

The manufacturer has indicated that the diesel engines have been
tested for no-load operation for four hours.

After four hours of operation at less than 30-percent load, the

diesel generator is run at a minimum of 50-percent load for at
least 30 minutes.

After an accident situation when the diesel generator has run for
an extended period of time at low or no-loads, the load is To 38
gradually increased until the exhaust smoke is approximately
twice as dense as normal. The increasing load is then stopped
until the smoke clears., This procedure is repeated until full
load can be carried with a clear exhaust,.

At synchronous speed and loads less than 20-percent (20%) of
rated, a 3000 hour PCcumulative time limit has been placed on
turbochargers. Between 20 percent (20%) and 50 percent (50%)

8.3-11
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load, there is ax 6000-hour ACcunulative time limit. After the ' 55
time limit has been reached for a particular load level, this

component will be replaced. If a unit is to be runm in both the 44
above load ranges, the 3000-hour time limit will be used. ' 55

In general, after starting, the diesel generators will continue
to run until manuvally shutdown. However, there are protective
devices installed to shutdown a diesel generator automatically to
prevent heavy damage in the event of a component malfunction,
These protective devices are listed below, Protective devices
marked with an asterisk (%) are operative at all times while the
others are operative only during the test mode of operation,
These devices must be manually reset before the engine can be
restarted. The status and operability of the trip bypass
circuits can be tested and abnormal values of all bypass
parameters are alarmed in the Control Room.

Generator

Phase balance relay

reverse power relay

voltage restrained overcurrent rel ay
generator differential relay (%)
Overcurrent relay

loss of field relay (7TWERE Is No Loss OF FIELD RELAY IN THE RVGU PROTELTIoN SCHEME)

Engine ’

overspeed switch (*)

crankcase pressure switch
ow lube o0il pressure switch
high water jacket temperature switch

[/

¢

Only one diesel will ever be in the test mode at any one time,
One diesel generator may be stopped by its protective devices
without jeopardizing the safe shutdown of a unit during all’ 48
postulated design basis events, The ‘protective devices will
Qrprevent excessive damage to a diesel generator and plant
§\A$44449£& will be able to return the diesel generator to its

.,‘Efoperating state with a2 minimum of outage time. ALSO, THE ADOITIONAL 52

OKESEL GENERATOR Ts AVATLABLE To B¢ SUBSTITUTED,

The diesel can be stopped by manually operated emergency stop

switches located in the Main Control Room, Auxiliary Control‘/d__oxdoau
Room, and on the diesel control panel in the diesel buildingd A BuILDING
manuval stop switch is provided in the Main Control Room for

stopping the engine under normal conditions,4&ch—n= conglusion of

it——oF pr-oforred (nffc-'f‘n_)_
PTG O U F-G-0 Under accident or loss of offsite power conditions
this stop switch is automatically disconnected from the stop

circuit. The normal stopping of the engine will position the I 41
hydraulic governor at the lower limit and allows the engine to
run for 10 minutes at idle speed (450 rpm) before bringing the 48

engine to zero speed, Emergency stopping bypasses this 10 minute l
idle speed time and brings the engine directly to zero speced.

Should an émergency start signal be initiated during the 10

minute idle speed time of a normal stop condition the engine will

. ' 8.3-12
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asutomatically returan toAsynchronout speed and emergency ’ - e
operation. :

Diesel engine speed and gemerator voltage are manually controlled
remotely from the Main Control Room only during testing of the
.unit. An emergency start signal automatiocally disconnects these
manual controls and returns both to automatic operation.

A 'Locnl-Ren&te'.manial selector switch, locafed in the diesel 5Q\Mn¥4¢-

building® must be in the 'Remote’ position for all manual remote
control from the control room to be in effect, with the exception

of emergency start. Similarly, for the manual controls located

n the diesel bduilding#to be in effect the switch must be in the
" *Local’ position. The switch is manually operated from the

‘Remote’ to the 'Local’ position., This operation, however, »
requires an electrical pormissive interlock signal initiated from 52
the Main Control Room. These operations are shown in

Figure 8.3-24, : :

Diesel Generator Descriptton

Each diesal generator set 1: furnished by Power Systems—-A
on Division and consists of two l6-cylinder engines 48
(EHD 16- 64524‘ directly connected to a 6.9-kV Eleotric Products
generator. The continuous rating of each set is 4400 XV at 0.8
power factor, 6.9-kV, 3-phase, and 60 Hz.,  Each diesel-generator _
set also has an additional rating of 4840 k¥ for two hours out of lsz
24. The normal operating speeod of the set is 900 rpm. The
diesel-generator set uses a tandem arrangement; that is, each set
consists of two diesel oengines with a gonerator bdetween them,
connected together to form a common shaft. The fous goenerator &
" sets are physically separated, electrically isolated from each

other, and located sbove the water level of the maximunm possible
flood (743.5 ft).

Governor Contro]l of the Diegsel-Generator Sets

The governor consists of the gollovin;:

(a) VWoodward EGB-13P actuator on each engine,

(b) 2301 Computer (reverse biased),

(¢) Froquency pickup.

The Yoodward EGB-13P actuator used with the 2301 computer is a
proportional governor which moves the fuel rack im iaverse pro-
portion to the voltage signal from the computer. There is a
governor sctusator on each engine and they are electrically con- ...

nected iln soeries so that the loss in signal to one would also be
the loss in signal to the other. DBased upon the input from the

$.3-13
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generator, the electronmic network sends electric slignals to the
actuators on the two engines. This signal goes to the coils of
each actuator that are connected in series s0 that each coil sees
the same electric signal, The terminal shaft of each actuator
vill move exactly the same amouat for each change in signal,

This means that the fuel control shaft movement on each engine
will be identical. '

Attached to the fuel control shaft through an appropriate 1inkage
s an injector rack for each oylinder whioh by its position
meters the fuel injected into its cylinder. This rack is set
with a standard factory gauge so that each ¢ylinder will receive
the same amount of fuel. Each injector rack is spring loaded to
prevent any single injector that may stick from affecting the
remaining racks on that engine.

Two devices produce alarm signals should the two engines of
diesel-generator set receive different anounts of fuel. One of
these devices is a synchro device that g8ives an alarm s2ignal
should the difference in the actuator control positions for the
two engines exgeed a certain tolerance. The other such device i3
tn injector rack limit switch that will initiate an alarm should
one ongine be on full rack when the other is not. '

The mechamical governor 1s set to control the unit speed at 930
rpm rather than the 900 rpm of the electrical governor. - Since
the electrical system 1s reverse biased, a fallure in the elec-
trical system would canse the engine speed to increase until it
reached the setpoint of the mechanical governor and at that poiat
the mochanical governor would control the engine.

Diesel Generator Auxiliaries

Lour . .
The, diesel generator auxiliaries are suppliesd power from the
480V diesel auxiliary boards located in the diesel building on E1

760.5 (see Figure 8.3-4). These boards and loads are shown on
Figures 8,3-30 and 8.3-31. '

Diesel Fuel 0il Svstem \._)-vocr*' 6..6'

52

The Diesel Engine Fuel OiI'Systeu for each unit consists of a day

tank A ‘
ank for each engine of“ %ioi&ggﬁ psir holding approximately 550

-gallons of fuel and fon%Atanks embedded in the diesel building 48

foundation floor which Hold more than a seven—-day supply.
Transfer of fuel between the seven—day supply tanks and the
engine day tanks is accomplished antomatically by a psir of

pumps controlled by float-operated switches which sense fuel
level in the engine day tanks. One of the pumps i3 the lead pump
with the other pump serving as a backup or supplementary pump
(see Figure 8.3-32)., Transfer of fuel from outside the diesel
building to the seven-day storage tanks is accomplished by
manually controlled pumps which can supply fuel

52
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The additional diesel genmerator unit (ADGU) auxiliaries are powered from

the 480-V diesel auxiliary board located in the ADGU building om elevation
760'-6". :

This board and loads are shown on Figures 8.3-30A and 8.3-31A.

075305.01
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Diesel Generator Lubrication System

A complete doscription of the Diesel Generator Lubrication System
is given in Section 9.5.7. ' :

Each diesel engine has an oil circulating pump and hoeater for use
while the engine is not running., The oil is continuously

circulated and held at a relatively constant temperature while '
the engine is stopped in anticipation of a required fast start
(see Figure 8.3-33 and 8.3-34).

Diesel Generator Instrumentation

Instrumentation consists of voltmeters, wattmeters, varmeters,
ammeters, and annunciation display panels located in the Main
Control Room, Auxiliary Control Room, and locally in the diesel
2ilding¥ The instrumentation is not essentisl for automatic
operation of the diesel, :

Diesel Generator Control Power

he 125-volt dc diesel-generator battery system is a Class l1E
3y stag vhose‘fnnction is to provide control power for contrd]l and
field ashing of theldio:el-genqrztor sots,

There are four  diesel-generator battery systems l(dne per
diesel-generator~qet). Each system consists ef a battery charger
(which supplies thenormal steady-state d oads and maintains
the battery im a fully“charged state and is capable of recharging
the battery from the design minimug-discharge of 105 volts do
while supplying the normal stegdy<state do loads), a battery (for
control and field flashing o ho. diesel—-generator set), and a
distribution board (which facilitatesg the dc loads and provides
circuit protection). _Bfch battery system is ungrouanded and
incorporates ground-detection devices. Fach battery system is
physically and eYéctrically independent (see~Section 8.3.2.1.1
and Figure 8.3%46 for physical separation).

Each baxftery is of the lead-acid type and has 57 ocell¥gonnected
in_g2rios and divided into 19 units, every uanit having tIisge
- [ha hs v is a type 3DCU~9, furnished by the CBD

B-et-tonioo—Division—efi Bl tnea—GCorporationr—reted—at—26—amporo—honrsr—
et F—for—2—3-0—minnte—discherge—r2te:s With the battery in. the
fully charged condition, the battery has the capacity to supply
65 amperes (A) for one minute and 41 amperes for 30 minutes at
60°F when discharged to a minimom terminal voltage of 105 volts,
The estimated design loads on the battery, during a loss of ao
power, is 48 amperes for two seconds and 12 amperes for 30
minutes. EBach battery is normally required to supply loads only
during the time intsrval between loss of normal feed to its
charger and the receipt of emergency powver to the charger from
its rospective dissel-generator.

8 .3-16
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There are fiveldiesel generator battery systems, one per diesel gemerator.
Each system a battery, battery charger, distribution center,

cabling and ceble ways provides control and field-flash power
vhen the chatger(\¥r' is unavailable. The charger supplies
the normal dc loads; maintains the battery in a fully charged condition,

and recharges (480-V ac available) the battery while supplying the required
loads regardless of the status of the plant. The batteries are physically
and electrically independent. They are ungrounded ground detection

instrumentation. . TR ‘

ool nmeteen and hawe_
Each battery -eeomp 2619 lead-acid units which are all series
connected. The battery is a,JDCU~9 manufactured by the C&D Batteries

Division of Eltra Corporatiomy This battery is rated at 100 amp-hours at
the 8-hour rate or 26 ifyrhour: at 60°F (for—a)30-minute rate. %:

1S COMR
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. : - . ..
The normal supply of dc¢ current to the battery boards is from the

battery charger. Bach charger maintains a floating voltage of
gpproximately 128 volts on the sssociated battery board bus (the
battery is continuously connected to this bus also) and is
capable of malntaining 133 volts during an equalizing charge
period (all loads can tolerate the 133-volt equalizing voltage),

3 e 3 Ve 3 & e e
'b'r'!‘!‘v'ry—b'o-rrd'—rn-hx;g‘z;u- SHETURTTT Y I v T yTuts e,

2 2"

oy Each charger has
8ccess to a2 normal and alternate ac supply (see Figures 8.3-30

and -31, typical), from the two respoective 480-volt ac diesel
generator auxiliary boards, If the normal circuit is
unavailadle, the alternmate circuit is selected by a manual
transfer, The charger is 8 solid-state type which converts a
3-phase 480-volt ac input to a2 nominal 125-volt dc output having
a8 rated capacity of 20 asmperes. Over this output current range
the dc output voltage will vary no more than + 1.0 percent for a
supply voltage amplitude variation of + 10 percent and frequency
variation of + 2.0 percent. Some operational features of the
chargers are: (1) an output voltage adjustadble over the range of
125 to 133 volts, (2) equalize and float modes of operation (the
charger normally operates in the float mode at 128 volts, bant can
be:"sawitched to the equallize mode with an output of 133 volts, (3)
2 current-limit. feature which limits continuous overload
operation to 125 percent of rated output, (4) protective devices

which prevent a failed charger from ”*”,fi:i:iii,r*’. (s) 26
metoring and alarm circuits to monitor the charger output,
<5cmun(\o¢- 00 v~ LD.é@ﬂf,**dL\>-ut

The diesol-gonerator)125-volt dc control and fleld flash circuits

are supplied power (from their respective dec distribution panels
located in the dieselTUTTOTOIT T T

(32 (S0 FIgurT—gryewrr A

typical panel and its associated losds is showa on Figure 8,3-55.,
Each circuit (including the battery charger input to the panel)

is protected by a thermal-magnetic circuit breaker.  The battery
inpot circuit to the panel is protected by a thermal-magnetic
c¢ircait breaker and a coordinated fuse.

'A%
Prior to placing the 125-volt>Ki@ie:el generator battery system

- into service, the system components will be tested to ensure

thoelr proper operation. The diesel-generator batteries will be
preoperationally tested for the following conditions:

1. To verify that the diasel gonerator battery capacity will
moet the manufacturer’s guaranteed performance.

2. To verify that the diesel generator battery system has the

sbility to supply power before, during, and after loss of the

480-volt ac power supply to the diesel genmerator battery

ocharger in the worst case condition,

8.3-163
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O 3. To verify that the ‘battery charger will recharge the diesesl
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generator battery to the nominally fully charged condition
while supplying power tc the normal control loads.

4. To verify that the diesel generator is able to start, come to
speed, flash the generator field, and build up voltages when
the diesel generator battery is on equalize charge.

In order to verify proper operation of the diesel generator
battery system the following items are alarmed in the main .
control room MCR for each system: 1low and/or loss of battery
charger output voltage, loss of 480-volt ac supply to the battery
charger, battery charger output breaker open, blown fuse
indication oz the battery main fuses, battery main breasker open,
battery discharge, battery bus overvoltage, battery system ground
detoection, and battery system distribution breaker open alarm
(wvith exception of the battetzx c¢harger tie breaker, which is
monjtored indirectly via the Vattery discharge slarm). Also, the
MCR alarms are supplemented by the following local meter and
alarmsf{battery and charger output curreant, battery and charger
output voltage, and battery system ground detsction. Refer to
Figure 8.3-24 for further clarification on these items.

Analysis of DieseI'Genetator 125-Volt BC Control Power Svstem

-

The Aiéidl gen;}ator 125-volt do control power system is designed
to comply with the requirements set forth in GDC 2, 4, 5, 17, and
18. The design also conforms with Regulatory Guides 1.32 and 1.6

and IEEE Std, 308-1971. The following paragraphs discuss each of
the requirements:

General! Design Criteria 2 and 4

ﬁw_z : -
The diesel(generator 125-volt de control power system is .
comprised of Pbysically and electrically independsnt battery

systems (soe figure 8.3-1). These systems are located ia the A4svO
diasel Renerator Jeedldbag, which i3 a seismic Category I

-

strocture, This structure will provide protection from the
effects of tornadoes, tornado missiles, and external floods,

All componments of this system are seismically qualified and have
been designated as Class 1E equipment. (Refer to Section 3.11,;
'Environmental Design of Mechanical and Electrical Equipment’.)

(ot iﬁ‘i@

\y
The'gLsi diesel generator 125-volt de battery|systems are located

General Design Criteria 5

in individual rooua've—v+vvr++er—++%7&—vﬁ—ﬁhﬁfd1afel generator,
Pabld e Thee PR | ———d DG G ot - P N

> - >4 MM o oy o ol B LA e v S -y mo o2 e o o o
it

whioh—oeoh—ie—erroeiarted. Each room i1 equipped with {ts
own heating and ventilating system independent of the other
battery rooms and each room is separated from the others by

4

52

52
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missile snd fire barrier—-type "11.., Also, as stated above, the
~foer battery systoms are oleotrically independent (one per diesel-
generator set)., Therefore, the structures, systems, and

components important for safe operation of—titr—tryytowr are not

shared,

General Design Criteria 17

The diesel generator iZS*volt de bdattery stteu's design,

equipment location, separation, redundancy, and testability
enables tho system to perform its intended safety function
assuming s single failauro, :

General Degjgn Criteria 18

The diesel generator 125-volt dc battery system is designed to
permit appropriates periodic {hspoction and testing of important
aroas and features, in order to assess the continuity of the
system and the condition of its components. In addition, prior
to placing the system into service, it will be preoperationally
tested and thereafter periodically tested to ensure the proper
operation of all components., - : '

]l}o. ander conditions as close to design as practical, the fuil
operational sequence that roquires the battery system’s operation

will be testod -pertodiceiiy a3 o part of the diesel generator
periodic systenm ;asttm; Pﬂ&3ﬁ&h~.

Regulatory Gunide 1,32

The diesol generator 125-volt dec battery system's chargers have
the capacity to continnously supply all steady~state loads and
maintain the batteries in the design maximum charged state or to
fully recharge the batteries from the design minimum discharge
state within sn acceptable time interval, irrespective of the
status of the plant during which these demands occur. In _
addition, & capacity test will'be performed periodically on each

diesel gonerator battery system, as recommended by IEEE 450-
++5~ \380 L

.

Rogulatory Guide 1.6 . uﬁ&x\

Each of the 4ewr dicsel genmerator batteryc:ystons supply power
only to the loads of the diesel generator ~e which it is
2a3sociated with. Thoerefore, the battery systoms’ safety loads
are separated into redundant load groups such that loss of aay
one group vill not prevent the minimunm safety functions from
being performed. Also, there are no provisions for manually or

sutomatically interconnecting the redundant load groups of this
systoem,

8.3-16c
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iscussed in the sbove paragraphs, the overall system design
he diesel generator 125-volt dc ocontrol power systom
rporates appropriate functional requirements, redundancy,
bility and surveillance in order to comply fully with this
eria., In addition, the system design is such that the

ery is immediately available during normal operations and
owing loss of power from the alternating-current system.

» each battery has sufficlent capacity to meet the powver

nd and time requirement of each connected load.

r to placing thoe 12S-volf de diesel generator battery :ystéa
service, the system components will be tested to enmsure
r proper oporatiogyy

preepoTrtionai iy —tortod—{for—tho—following——condittonesi

48

46

To verify that the diesel generator battery capacity will
t the manufacturer’s guaranteed performance,

To verity t the diesel generator battery sys has the

ability to sap power before, during, and ter loss of the

480V ac power supp 0 the diesel gene or battery Fh:rger
in the worst case condi a, : :

To verify that the batter arg will recharge the dlesél
goensrator battery to ¢ nominally fxo charged condition
while supplying ¥¥er to the normal controd oads,

To veri that the diesel generator is able to staftN_come to
spesd, flash the generator field, and build up voltages an
e diesel gesoerator battpry is on equalize charge.

Dies

el Generator Capacity

In ¢
comp
cont
ogccu
cool
show
load

: : I
fs;e. Vo A anssion \MAALv-“ YNCt&\_CB-u%Q&»r C;Ouxho\ ;%&QLI

ompliance with Regunlatory Guide 1.9, Rev. 2, the table below
ares worst ocase loading of the diesel generators with their
inuous rating and their 2-hour rating. VWorst case loading
rs for & simultaneous loss of offsite power and a loss~of-
ant accident on the unit the diesel is associated with, As

n, sdequate margin exists, in all ceses, between worst case
ing and diesel capacity. )

for o desk duscnpiiom,

8.3-16d
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Di&sel Generator Operational Testing

The operational testing of the diesel genmerator will be Acoon—_h
Plished from the diesel gemerator control panel located in the

powerhouse Main Control Room. Full load tests on a unit require -

that the unit be paralleled with the offsite power systenm,

Should a loss of offsite power occur under those conditions,
voltage-restrained overcurreant relays will activate to give a
loss of offsite power signal (see Figure 8,3-16). This signal
scts to operate the same relays that are used in s normal loss of
offsite power condition. These relays act to strip the boards as
described under ’'Diesel Generator Operation’ without ’ ‘
disconnecting the diesel generator, The automatic sequencing
logic will then reapply the required loads to the standby

distribution system as descrided under ‘Diesel Generator 52

Operation,’ ' )

FuQIICou:uuptfon Tests

Bach unit was loaded st loads of 1666.5, 3333, and 5000 k¥ at .8

pf, and the time to consume 100 pounds of fuel was roecorded. The

durstion of the test at each load after tomperature stabilization .

was 1/2 hour with the time to conmsume 100 pouands of fuel varying

£rom 5 minutes 41 seconds at 1666.5 k¥ to 2 minutes 28 seconds at

5000 kW, . . ) ‘ o

Transient Tests

Full loid transient tests were nadc.to verify that voltage and

frequeacy transient characteristics of the system, Loads of 4400

kV and 4750 k¥ at 0.8 pf were picked up and dropped three times,

each with the following characteristics results:

Poak Freq, Change % ) Peak Voltage Frequency
Load Change Unit 1 Unjit 2 Unit 3 Unit 4 Unit 1 Unit 2 Unit 3 Unit
+4400 VW -1.6 -1.3 -1.3 -2.0 -6.0 -6.9 -8.7 -13.0
~4400 XxV +1.6 +2.0 - +1.3: +1.8 +6.0 +8.7 +10.4 +10.4
+4750 xV -1.6 -1.6 -1.3! -2.5 -6.0 -8.,7 -8.7 -17.4"
-4750 k¥ -2.0 +1.6 +2.0 +2.3 6.0 +8.7 +10.4 +13.0
48
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The assemblies are capable of maintaining containment integrity
when subjected to a borated water spray solutionm of approximately
2000-ppm boron as boric acid and sufficient sodium to bring the -
pH to 8.0 to 8.5, '

The penetration assembly is capable of continuous operation at
the normal environmental conditions listed below:

Inside Out side
Parameter ' Containment Containment
Temperature 30 to 150 F 30 to 125 F
Pressure -2 to +2 psig -2 to +2 psig
Relative Humidity 20% to 100% 20% to 100%
Accumulated 1 x 10¢% rad

radiation dose

Underground Cable Installation

The design and installation of the underground cables conform to
the applicable requirements of General Design Criteria 1, 2, 3, 4
and 17 and Sectionm 5.,2.1 of IEEE Std. 308, Compliance to the
GDC’'s is discussed in paragraph 3.1. Also, coaformance to GDC 17
and IEEE 308 is discussed in Sections 8.2.1.8, 8.3.1.4, and
8.3.1.2.1. . | ' -

The Class 1E cables between the auxiliary building and the diesel
generator building, and the intake pumping station are installed
in seismic Category I structures., Figure 3.8.4-37 shows the
Physical location of the seismic Category I manholes and duct
runs (conduit banks); and Figures 3.8.4-38 through 3.8.4-46 show
the details of these structures, A description of these manholes
and duct runs is given in Section 3.8.4.1.5

The duct runs have been separated or otherwise protected to
prevent a common mode failure of the redundant cable system.
Some of the manholes have 12-inch concrete divider—walls
separating the redundant cables, The manholes have watertight
¢overs and are provided with sump pumps,

Cables are designed to operate in wet conditions, - The Class 1E
cables required to operate the plant in the flooded condition are
continuous or provided with a waterproof splice in the
potentially submersible sections of the duct runs. Cables have
been tested at the factory by the manufacturer according to TVA
standard specifications, which includes tests in submerged
conditions, such as

24
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has to operate during a
merged in water.

The Class IE electrical
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All Class IE electric equipment tﬁaﬁ

flood has been located above maximum T
possible flood level unless it 1s designed to operate sub- i

29

loads are separated into two or more

redundant load divisions (channels or . trains) of separations.

The number of divisions

has been determined by the number of

independent sources of power required for a given function. )
"The electric equipment that accommodates these redundant divi-
sions 1s separated by sufficlent physical distance or protec-
tive barriers. The separation distance has been determined by
the severity and location of hazards. The environment in the
vicinity of the equlpment 1s controlled or protection provided
such that no environmental change or accident will adversely

affect the operation of

the equipment.

The physical identification of safety-related electrical equip-
ment is in accordance with Section 8.3.1.3. :

6900-Volt Equipment

The diesel genérators and 6900-volt shutdown boards are designed
for a two-division (train A and train B) separation. The 6900-

The diesel generators are located in the Diesel Generator Build-

' volt equipment is located in seismic Category I structures.

ing at approximately elevation 742 and have reinforced concrete
barriers separating each unit from all other units and have no
single credible hazard available that would Jeopardize more

than one unit. The diesel generator, arrangements are own 1 '
Figure 8.3-1. Twa A®DGU % loca s PN S i I BL ML

GO Duy \'kacx

The 6900-volt shutdown boards are located in the Auxiliary
Bullding at approximately elevation 757 (see Figure 8.3-3). -a
minimum dlstance of 19 feet 9 inches separates shutdown board
lA-A from board 2A-A, and shutdown board 1B-B from 2B-B. An
8-inch reinforced concrete wall extending to the ceiling is
used to separate 6900-volt shutdown boards 1A-A and 2A-A from
shutdown boards 1B-B and 2?:5;;4

480-Volt Equipment

The 480-volt shutdown boards, U480-volt reactor MOV boards, U480~
volt reactor vent boards, and control and auxiliary building
vent boards are separated into train A and B groupings by 8-inch
reinforced concrete walls extending to the ceiling between
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assoolated and non-Class IE ocables provides 2 reliable means of
meoeting the intent of Regulatory Guide 1.75 to not degrade Class:
IB ocabdles: ' .

1., A circuit breaker a2nd fuse in series
2., Two clircuit breakers in series
3. A single fuse :

All of the 1hst111§d protective dev{ces.and those added to
further protect the associsted and Non~-Class 1E cables are of a
high quality commensarste with their importance to safey,

A majority of the associated circuits analyzed have either two
protective devices provided or the caloulated short-circuit
current is effoectively limited to & value less than the
conductor’s continuous current rating. The romaining eighteen

- associated circuits have only one protective device. Of these

. olrcuits, sixteen are protected by a fuse and two by s oircuit
broaker. VYhere practioal, an additional protesctive device has
been added to these two circuits protected by a single ocircuit
bresker; otherwise the single olrcuit breaker is being tested in
accordance with the plant’s technical specifications,

Non~Class-IE povwer and control cables routed in nondivisional
tray, not meeting Regulatory Guide 1.75 separation requirements,
similarly have one of the protective schemes described ’
sbove. Otherwise, the single circuit bresker that protects each
non-Class IE power or control cable is tested in accordance with
the plant’s technical specifications.

There are certain safety-related components which may be powered

from one of two redundant divisions (channels or trains) through

manual transfer devices. These oomponents include the component
cooling system pump C-S, the spent fuel pit pump C~S, and the
Stoam turbine driven auxiliary feedwater pumps 1A-S and 2A-8.
The owtpwt—feoder cables from the transfer device to the

component require special separation and are roated in separate

Cables with a suffix S may be routed together provided the
following two coanditions are satisfied: (1) voltage levels are
compatidle, and (2) circuits are designed such that undes any
design basis event all cables ian the raceway will always be of

the same divisioas (channel or train) whoere energized. These
¢ircuits are identified by &
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suffix S added to their respective conduit and cable numbers.
The redundant feeder supply cables to the transfer devices have

channel or train identification and separation depending on thelir

application.

Thero are coertain safety-related components which are located in
a nonselismic structure. The circuits for these componments or
devices have the following separations. While in & Category I
structure, the circuits for these components are routed with
train or channel circuits depending on their application. VWhen
they leave the Category I structure, these circuits have been
separated physically and electrically to reduce ths possibility
of damage to more than one redundant ocirowmit, _ .

The RPS, ESP, and ESAS receive their power from the preferred
(offsite) and standby (onsite) sources. The normal power and
c¢ontrol circuits from ths preferred source are routed in conduits
or cable trays separate from the alternate power and control
circuits, These circuits are identified by a suffix P or R added
to thelr respective cable numbers, :

The circuits associated with the standby power sources (Class IE
electric systems) are separated into two or more redsndant '
divisions. The circuits between the diesel goenerators and the
6900-volt shutdown boards are designed for a two division
separation (traian A and train B).

The feeder circuits from the 125-volt vital battery boards to the
control bduses ian the shutdown boards are separated into four
divisions (channels I, II, III, 1IV), Feeder cables to the
control buses in the train A shutdown boards are supplied from
battery boards I and III and feeder cables to the control bduses
in the train B shutdown boards are supplied from battery boards
II and IV, The channels I, XI, IXI, and IV vital instrument
power systems sre supplied from vital battery bosrds I, II, III,
and IV, respectively, and have been physically separated and

routed independeantly from cach other. The vital battery board
sarrangement is showa in Figure 8.1-3, - :

8.3.1.4,4 PFire bo;ection and Protection in Afegs Yhere Cables
are Tnstalled , o

A hazards evaluation was performed to identify all combustibdle
matoerials within the plant and the necessary fire sappression
capability to control and extinguish fires involving safety
related equipment, piping, and cabling has been provided. The
threat of exposure fires to safety related equipment, piping, and
cabling from permanently lnstalled fire loading will also be
considered in the evaluation, All transient fire loads were
svalusted 1n accordance with established administrative
procedures and appropriate flre protection 1 provided.

i
H
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TINSERT 8T

COMPUTED DATE

CHECKED DATE

ALL  Pow/ER  AND CONTRoL  CABLES FRoM THE ADGU

DowN To THE FIRST TRANSEER POINT IN THE ADQGU

BUILDING ARFE DESTGNED AS S CABLES AND ARE ROUTED

AS SUCH. FOUR ¢ABLE $ETS ( ONE _SET PER _EACH

ED6vu, TWO FoR TRAIN A AND Two FOR TRAILN B) ARE

ROVTED TN CABLE TRAYs IN THE FOGU CONDUIT INTERFACE

KooM (SFF FIGURE 3.3 -87 THROMGH 8.3-57) AND ADGU

BUILDING AND VIA A CONDUIT BANK PRETWEEN THE

BUILDINGS. TT IS NOT NECESSARY FOR THESE TRALN

A AND A TRAYS To BE SEPARATED BY THE MINIMUM

DISTANCE SINCE NO MORE THAN ONE TRALN WILL BE

OPERATIONAL AT _ANY GIVEN TIME, DUREING KoRMAL

OPERATIONS THE FOUR CABLE SFTS ROUTER THRouGH TRAYS

AAND B RESPECTIVELY WILL NOT BE ENERGI2ED NoR

ELECTRTCALLY CONNECTED AT EITHER ENPR. THE ONLY

TIME ANY OF THE FovR CABLE SFTs CAN BE ENERGIZED

IS AFTER THE AORITIONAL DIfsfL GENFERATOR UuNIT

(ADGU) HAS BEEN MANVALLY ALIGNED To REPLACE AN

ELGV. PDVRING THIS TIME ONLY ONE o0F THE FOUR

CABLE SFTs (TRAIM A oR B) (AN _BE ENERGLZED, DVE

TO THE FACT _THAT 7TT IS PHYSTCALLY IMPosSIBLE TO

CONNELT MORE THAN ONE oOF THE FOUR _CABLE SETS

— SIMULTANTousl Y.
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Fire doetection sy:téus are provided generally throughout the
plant to annuncisdte fire alarms and actuate zutomatisc supprossion
tystems whoere necessary, Detoction systems were designed and

installed in soccordance with lpplioable portions of NEPA 724, B,
C, D, and B.

Areas with concoentrations of eleotrical cable are being
thoroughly ovaluated with respect to fuel losading,
compartmentation, separation, etc., The concept of the systems
approach and defense in depth is being used in the evaluation of

these aross as well as th:on;hont 211 t:fety related areas of the 52
plant. )

Generally the areas of the plant containing 'concentration of
electrical cables’ are as follows:

1. Cable :ﬁreadlng rodn. :
2. Some areas of the Auxiliary Building
3. Reactor Building Annulaus

A dotailed list of ttho aress will be submitted as e part of the

fire protection re~evsluation. Refer to TVA response to Question
010«13. ' ' -

A carbon dioxide fire protection system with -nnnal control is 44
tnstalled in the following aresas: .

1. Auzxiliasry instrument room, ' A : 52
2. Computer room. . '

A‘carbon dioxide system with asutomatic coatrol is installed in
each of the diesel-generator rooms, in each of the azxiliary

bosrd rooms, and in the oll pump room of the Diesel Genmerator
Building. ' N

In addition, portable dry chemical and halon fire oextinguishers,
fixed water suppression and stsndpipe and hose systems are
located throughont the plant. Refer to Sectlion 9.5.1 for =
detailed description of the fire protection system. 44
The dosign of the wall and floor electrical penetration firse
stops through fire barriers utilize a separats cable slot
(through wall) or cable sleeve (throwgh floor) for each cable
tray. The design and installation of these penetration fire -
stops employ Dow Cornming 3-6548 silicone RTV foam (compoments A
and B) as the sealant material over a portionm of the length of
the cadble slot/cadle sleeve penetration, and a combination of
fire barrier materials, From each side of the wall or floor
opening, the cables are separated within the cable slot or cabdle
sleeve using an lnorganic fider. The sealant material is then ,
installed within the cable slot or cable sleeve. The wall 1
3 opening st esch cable slot/trzrasy arrangement, and the cable sleeve El
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d\l(,\ Mra\'ofm\ﬂ'\ 8 34:-09-\@;\" \"DO\N\ ?-L %O\\\Qv—\(,
Ovv-& Ve Q\J.L\ O\\ Wﬁw TOO W~ o'Q Yo A‘DQ\X \)ux\d\\ > m\\a\,\

o. YK-A(_L;M $?rw~\:.\ex' -,\P‘NM o~ B 420 V aunilia




\
|

09 2 15 e e e i i e e s e

q.thr:ee operation conditions for which load values are tabulated.

mbattory (480V ac unavailable), at its normal charged state. The 146
f#alOS-volt column represents the actual loads expected with the ’

Lo SIS 3

WBNP-46

The 135-volt column indicates actual loads expected while the
battery charger (set at "float voltage") supplies the hattery
board load. The 125-volt column represents the actual loads

expected with the battery bhoard being supplied from the vital

battery board being supplied from the vital battery (480-V ac
unavailable), at its minimum charged state. The actual load
current during an ac power outage will depend on the discharge
state of the bhattery. This subject is also treated in the
section on Tests and Inspections. Loads are assigned to the

‘ﬁgvsystems according to the loads' divisional requirements. Four

divisional loads are assigned to the four channels, two
divisional loads are assigned to Channels I or III and II or IV.
The loads primarily associated with unit 1 are assigned to
Channels I and II while loads primarily associated with unit 2
are assigned to Channels III and IV. Nondivisional loads
primarily associated with unit 1 are assigned to Channels I or
II. Similarly, nondivisional l1oads associated with unit 2 are
assigned to Channels ITII or IV. Nondivisional loads that are
primarily associated with plant common services are distributed
among the four channels. Some loads have a normal and alternate.
feeder. -The normal feeder is from one channel while the
alternate feeder is from another channel. These loads are listed
in Tables 8.3-19 through 8.3-26. The transfer of the loads

” between the two feeders is manual and is interlocked to prevent

)

%

Loty
-7

ik

.. Each battory is equ1ppad with its own exhaust hood Iocated- and
B = SV VTP

paralleling the redundant power sources.

Maximum steady state d.c. loads (during battery recharge ' 46
following an a.c. outage, the inverters and lighting loads are

supplied from a.c. power) for each channel are supplied from a

battery charger when it has either normal or standby a.c. power

available from the 480-volt shutdown boards. 1If the normal

charger is unavailable, the loads ace supplied from either the’

associated battery or a spare charger which can be manually
connected to the battery board

125-Volt Diesel Generator Batteries 1A-A, 1B-B, 2A-A ard ,2B-B AND.C~S"
. 7 4

Reference: Figure 8.3-46

These batteries are located in

A0 - 3~ :
oy o a n.
LA ICONC R L P = @ & xl;fj{.; O @t}

ach diesel generator room is equipped with
its own heating and ventilating svstem Jndependent of
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1, Desired airflows in the ERCY pump area can be maintained
during 2all envirommental conditions, including tornadoes,
earthquakes, and floods. A structural failure of the
grillage roof will not prevent adequate ventilation air from
reaching each operating pump.

2, During normal operating conditions, the failure of ome of the lSZ
i tvo ventilation fans in a mechanical equipment room will not
.result in environmental degradation that will prevent the
operation of any safety-related equipment,.
3. A failure of the electrical equipment room ventilation N é%

subsystem will not affect any safety-related components or
functions.

The mechanical equipment room contains safety-related as well as
non~safety related equipment, Only safety-related equipment will
operate during periods of loss of offsite power. Analysis J 52
indicate that the safety related squipment alone will not cause
unacceptable conditions within the mechanical equipment room;
therafore, ventilation is not required. A loss of offsite pover
will not result in extreme temperatures which would prevent the
operation of safety related equipment, |

O 9.4.5.'1.-4 Inspection and Tostiﬁ Requirements

The ERCY: intake pumping station ventilating aand heating :ystam is
sccessidble for periodic inspection and testing.

9.4.5.2 Diesel Generator BuL;din%:7
9,4.5, 2.1 Diede]| Genera+tsr Buildi "3
9.4.5.2.1 U)Design Bases

The diesel genmerator building ventilating system is required to
operate to maintain plaant safety in the event of a loss of
offsite power due to a natural disaster or plant accident
including tornado, earthquake, flood, or fire. The diesel units
are redundant and are each served by'a separate 100 percent
rodundant ventilation system. FEach ventilation system maintains

2 proper environment for the operation of safety—related o~
components. B €

Each dioesel engine room ventilation subsystem consists of two 52

room exhaunst fans and one generator and alecttical panel cooling
fan for a2 total of three fans, -

satomatically start upon diesel startup. The second exhaunst fan
will start when the upper setpoint of a temperature switch
mounted in the air exhaust room is reached. The generator and
eleotrical panel cooling fan can start along with either exhanst

(. fan., The tomperature switches mounted in the alr exhanst room

One diesel generator exhaust fan along with the cooling fan will €

-
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exceeds 122°F., Similary, the electrical control panels within 52
the engine rooms are forced ventilated to assure an internal :
cabinet temperature of less than 131°F, , )

Because the Diesel Generator Building contains no sources of
potential radioactivity, there are no safety-related airflow
directions that must be maintained and no required radiation
monitors.

|
.?
3

The Diesel Generator Building is a Seismic Category I structure
that is designed to be safe from tornado missile and flood &
damage. The diesel generator room exhaust fans, the generator lsz <
and electrical panel fan cooling battery hood exhaust fans,
electrical board room exhaust fans, and all associated dumctwork,
: fittings, and dampers are located within the building and are l 35
i 'designed to meet Safety Class 2b and Seismic Category I :
requirements. Thase fans, their associated controls, and notor-
i operated dampers are connected to emergency power. "The use of
concrete air intake and exhaust hoods provides additional
toa from the effects of missiles.

Y PR

System Descriptio

i ' The Di¥¥el Generator Building heating and ventilating system are
: shown on Figures 9.4-22 9.,4-25, Two diesel generator :
: . room exhaust fans, onme battery hood exhaust fan, aad one _ e
electrical board room exhaust fan are located in the air exhaust

room at EL, 760.5 for each of the four diesel genmerator units. 52

These fans discharge to the outdoors. One generator and
electrical pamel cooling fan is located within esch diesel room.

Fresh air 13 introduced through each air intake room and drawn to
the corressponding diesel generator room. The generator and
electrical panel cooling fan draws air from the room intake
vicinity for distribution to the gemerator air intake and to the
eleotrical panel. Following absorption of the heat load in the
room the air is drawn into the air exhanst room buy the roonm
exhaust fan(s) and is discharged through the air exhaust hood.

Each battery aroa {s ventilated dy a fan doslgned to exhaunst ,
approximately 1000 cfm of air from the battery area through an t
overhead exhaust hood. The air is drawn through ducts to the

exhaust fan located in the air exhaust room. It is then

discharged to the outdoors. -

Bach of the electrical board rooms is ventilated S& a2 centrifugal 52

exhaust fanrn rated to 2850 cfm at 0.75-inch water gauge static .
pressure, The fan draws air into the board room through its Tt ‘
associated electrical board room intake vent.

9.4-40
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Other building'oxhauzt fans provide individual ventilation for -
the lubricating oill storage room, fuel oil transfer room, carbdon
dioxide storage room, toilet room, and muffler rooms.

The thermostatically ocontrolled electric unit heaters loocated
within the diesel generator rooms, equipment access corridor,
storage rooms, radistion shelter rooms, and toilet room are
designed to maintsin these areas. at not less than 60°F when the

outside 4mbient temperaturse is 15°F, .
9.4.5. ' szeti'Evnléationt.‘

A functional analysis and a failure modes and effects analysis
have shown that the Diesel Gonerator Building ventilation system
has the capabilities needed for normal operations and for
sccident mitigation. The functional snalysis shows that:

i. Adequnate ventilation is provided to achieve acceptable
airflow patterns and environmental coanditions for optimum

equipment operati during 21l operational modes. See
Section 9.4.5.2.%ij>

.2, The battery area will be constantly ventilated to prevent

hydro;en buildup in the diesel generator room,

The failure modes and offeots nnalysis,-ls :hovn ina Table 9.4-4,
indicates thnt'

1. During diesel generator operation, lov 2ir flows througl any
of the three fans within the Diesel Generator room will be
detected by a flow sensor, The faillure will annunciate in
the MCR. :

2. The failure of a batteary hood exhaust fan will prevent forced
air circulation past the batteries. However, the dampers in
the exhaust ductwork will remain open and adequate airflow
will pass through the system to prevent a buildup of hydrogen
gas.

3. A failure of an electrical board room exhaust fan, and the
resulting heat buildup in the room to above 104~F, may caunse
loss of the associatod diesel generator. However, the
remaining diese]l generator will be capadble of providing
adequate power to safely shut down the unit.

4, Essential portions of this system will remain functional
during and after a seismic event boecause of their design to
Seismic Category I requirements. Nonessential portions of
this system and other systems located close to essential

components are designed to Seismic Category I(L) standards to

prevent their failure from precluding operation of essential

system oonponents. -

9.4-41
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During flooding conditions and tormadoes, all essential
components of this system will remain functional because they
are located above the maximum possidle flood level and are in
a Seismic Category I structure that is designed to re:ist
damage by tornado missiles.

Upon loss of offsite power, each diesel generator will
provide oemergency electrical power to its associated
ventilation components, All asre connected to their
respective diesel gemerator engineered safety power supply,
s0 oporation of a diesel genersztor will assure power to the
corgewponding fans,

Tests and Inspections

The diesel generator building ventilating and heating systems are

accessible for periodic inspection, Essential electrical
components, switchovers, and starting controls are tested
initially and periodically thereafter.

9.4.5.3 Aoxiliary Building Safetvy Féatnres Eguipment Afea

'9.4.5.3;ip Desizgn Basos

* The auxiliary buildlng safety 2eatnres equipment ventilation

system is designed to maintain acceptable environmental
conditions for (1) personnel access, 'operation, inspection,
maintenance and testing and (2) the protection of mechanical and
electrical equipment and controls., The system utilizes :
cooling provided by the Safety Features Equipment Coolers. Air
cooling units are provided for the following equipment and areas:

keaidnal heat removal pumps
Safety injection pumps
Containﬁenf spray pumps i
Contrifugal charging pumps
Reciprocatiang charging pumps*®

Unit 1 auxiliary feedwater and component cooling water pumps

9.4-42
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4.4.5.2.2 AODITIONAL
.;9%4;474- Diesel Generantor Building

9.4.5.2.8.1Design Bases

ADOITTONAL
The Fdiesel generator building ventilating system is required to BE qp&f&ﬁ/
operate to maintain plent—sefety—in—the—ecvont—of—rtoss—of——
-o-f£-f-5-4-¢ - t-er—or—plent—acoidont

: h-¢-a-a-Jce 8 8 2 The diesel unitf 15
of-o—reo-dandaat—and—rre—esch served by seperate 100 percent -
rcdundant ventilation system. Each ventilation system maointains

a proper environment for the operation of safety-related
components.

o o
© L 4

O n y. ] & 1
o—poreor—aae—ro—a—naitorat

diesel engine room ventilation subsystem consists of two
room exhaust fans—and o-Fe—genecrnrtor—and—ectectricnat pamret 1vulin’g

fen—for—-a—total-of—three—fanos
One diesel gemerator ecxhaust fan stong—with-—tho—cooting—fan—will

sutomatically start upon diesel startup. The second exhaust fan
will start when the upper setpoint of a tenperature switch

mounted in the air exhaust room is reached. The—generator—end

fan- The temperature switches mounted in the air exhaust room

PAGE 1




monitor the temperature of the air as it leaves the diesel
generator room. These switches may actuate elther room exhaust
fan upon detection of high diesel generator room temperature
e conditions or may deemnergize either fan, if necessary, in order
( to maintain the diesel generator room exhaust temperature betwoen I

40°F and 120°F, Al —thseo—fons—will—sutometiceliy—stop—if—the

JANITOR cLOSET

6.9kv BoARD ReoM, 480V
he toilet—room is ventilated at all times. The o#&o&&ioa4—bo&;i
Avx [ kT

- . T
RIL: _(’{“E'?Y; H'?c—-r-eon-s-,—-b-e—e-t-eﬂz—h-oo-éo-, 1ebe—oil—storage—+room, andpoil transfer 0
; fw°nx'nM'R”M' room are ventilated at all times é 'ﬁ?%é;\
{ CoMRIVoR, TRANSFER sarbon—dioxide—systoens—aro—aotivated. The muffler roomM -are PUMF
M FUEL

Reoo ventilated as required to remove heat during warm weathet.z‘s
Muffler room exhaust famx’aﬂ% manually operated from hand
switches located on the electrical board that serves the
particular fan, or start along with the diesel when in the auto Le?
mode.,

Three types of dampers are used in the diesel gemnerator
ventilation system. Fire dampers, provided in each air supply

&.9%Y BeARD
and exhaust openingsto the Room, 480V

4*f10+—tﬁﬁ0f$+9f—*9097—e*eg+f*0**-
—boasrd room, lube.oil -storsge -coonm, andﬁ%ﬁl transfet?@bom, 'illAurLbMV
'f 4
automatically close upon detection of & fire.T Motor—opcrgjed BOAR £ e -
dampers located at tho air intake to waedr diesel generator room THE

e (4
IS «#ve automatically opened whenever either of the exhaust fans Amuéwﬂt
start. All fans except for the 48 v AUxTLIARY BOARD KooM £xHAVST AN AND
FUELQILTRANSF,FREIHA&K!FAN—‘ate equipped with motor operated shutoff dampers L5

which close when their associeted fan is not operating.

THE AOPJTIONAL
Haoch diesel generator unit room is -seperatels ventilated 4an—ordes

to 1limit average room temperatures to a design maximum of 120°F 55—
when outdoor air entering the room is 97°F and the diesel
generator is in operation. -840e+f+ee+—bﬂ1fi—1vvm1ipre T7HE 480V

~i-fdividueelly- ventilated in order to limit room temperatures to a goaRd Roox
design maximum of 104°F when the entering outside air temperature AND 69K
ADDITToNAL is 97°F. Remasining areas of the,Diesel Generator Building are BoARD

ventilated using the method of room volume changes. Personnel Room.
_ comfort conditions are maintained as required during low outside
{ temperature by means of thermostatically controlled electric unit

heaters. Battory arods—asso—ventilated—atall times for bydrogen-

~—-om-O-v-a-1 .




[‘Adwﬁwn/
Because the”Diese]l Generator Building contains no sources of
potential radioactivity, there are no safoety-related sgsirflow

directions that must be maintained and no required radiation
monitors.

Y A1ditnsl .
The”Diesel Generator Building is a Seismic Category I structure
that is d°‘18°2gu$%NP° safe from tornado missile and flood A
damage. The¥dicsel generator room exhaust fans, the 430':/‘31/&/'%503)&{, S
reom axbsust Asn, Feonstorme ard §GKY beard yoorm &baud §an gnd Luet-o1] ~Aravster yoom
exhaust fang, and all associated ductvork,
fittings, and dampers are located within the building and are o
designed to meet Safety Class 2b and Seismic Category I
requirements. These fans, their associated controls, and motor-

operated dampers are comnected to emergency power. The use of ’
concrete air intake and exhaust hoods provides additional i
protection from the effects of missiles. - _, ;-

2.4.5.2.2.2 P

PETIFIP- System Description . 7 q,4.-2_2_A um.x{‘ ﬁ:Q"ZZ—Cﬁ
(Addrions] ~ o ) = -
The¥Diesol Gendrator(Building/heatingl and ventilating system are

shown on Figures ¢ s > Two diesel generator .
_ room exhaust faans, Jne fyel oil transfer room exhsust {-3){) one trnsiommer land 6-9KY room ethaut 4
andone 439\(30&143/54.:. board room exhaust fan are located ia the air exhaust :

. room at EL, 760.5 for .each—of the éahéﬁgqéf?f generator units,

These faas discharge to the outdoors. s ey 2 o o o SR R B

=y

: #he :
Fresh air is introduced through wecir air intake room 2ad drawa =%a !
the corresponding diesel generator room. IThempoossstsr—and- :

seFevrrivesi—psael, Following nbso;ption of the heat load in the
room the air is drawn jnto the air exhaust room buy the room E
exhaust fan(s) and is discharged through the air exhaast hood.

-B 8-0-heabantetor o 1 a

i 1 4

cd—orrrtrieri—boerd—roon—inteae—vent
The. 4go v genlery board voor s yendhted by a centutgal fan whieh -

|(‘ drsws ar §from the cvfude throvgh the roof roonted air intake . The tronstormer~ -

: and 69 ¥V board voems gre vent ated by 3 ccn'\’ru‘fu;a) fon which draws s
‘ Srom the 2w ntade room .

i
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Other building exhanst fans provide individusllventilation for L
jmﬁhrcﬁsft the -kebricetingmoil—stzorege~soon, fuel o0il transfer?room, caxdbon | >

doride—st-orage—roen—toilet »er, and muoffler rooms.

The thormostatically controlled electric unit heaters looated :
within the diesel gonerator roon/ +gobkpnont--acoess corridor, re Mﬂd
480 v avnhavy bosrd siorage -COOWS, mroon/ and todletroom aro fire P
feem, 69KV borel designed to maintain these aress at not less than 60°F when the
No”‘ pipe gailrY outside amblent temperature is 1S5°F, ,

//) -4 S'.loz 3 . ’
* Safety Bvalunation
' Additional

A functional analyxéljr;d a failure modes snd offects analysis

‘ a : have shown that the?Diesel Gonerator Building ventilation system
o - has the capadbilities needed for mormal operations and for
S - - accident mitigation. The funotional analysis shows that:
-] w @ ) . J
: " : : 1. Adequate ventilation is provided to achieve acceptabloe '
cumgnas sirflow pattorns and environmental conditions for optimum
- « o e equipment operation dnrina all operationnl modes. See
- a > 8 Section 9,4.5.2. : . '
0.»2 -Dg '
: .g " _Q\. et
-t s
- Q - ©
. ° A
‘. o ] The failure modes and offects nnllysis. 28 lhown in Table 9.4-4,., |
-~ a indicates that:. <
AN “2 .
)
Q : > 1, During diesel generstor operation, low air flows through any
\g 8 of the whoow- fans within the Diesel Generator room will be X
- detected by s flow sensor. The failnre will snnunciate in e

the MCR,

!
arr Px,

mostats in the diesel gonerator,room ar

matically stop all oporating diesecl gen
a drop in room oexhaust air temperature to below 40°F,
also

2.4. A failure of an electrical board room exhaust fan, and the
resulting heat buildup in the room to above 104~F, may cause
loss of the esvoocisted dlosel generator. However, the
remaining diessl generator will be capable of providing
adequate power to safely shut down the uanit.

start the oxhaust fans upon room tempersture rise

The thermostats will
during diesol generator .operation,

3,4. Essential portions of this system will remasin functional
during and after a soismic event because of their design to
Seismic Catogory I requirements. Nonessential portions of
this system and other systems located close to essontial
components are designed to Seismic Category I(L) standards_to
pravint their failure from precluding opo:atiou of e‘sentill
system components.

temperature oxceeds 80°F

automatically
to 80°F,

fan,

1

Goe 4




o+ 5 During flooding conditions and tornadoes, all essential
components of this system will remain functional because they
are located above the maximum possible flood level and are in

8 Seismic Category I structure that is designed to resist
damage by tornado missiles.

!
. . i —
WHEN THE AOBITIONAL DIEsslL j— &5 SUBSTITUTED FO
5 F. Uponloss of offsite pomer oach Jiesel generator Pwill ANY ONE oF THE nodmacLY
provide emergency electrical power to its associated ALIGNED UNITS> IT
ventilation components. All are connected to the+¢-ADoUTwML o

roopootive diesel generator engineered safety power supply,

so operation of & _diesel generator will assure power to the
corresponding fan:.\T,u' AODITIONML

)

XY
9.4.5.2. 4 Tests and Inspections
ADDITIONAL
TheADiesel Generator Building ventilating and heating systems are
accessible for periodic imspection. Essentisl electrical
components, switchovers, and starting controls are tested
initially and periodically thereafter.

5




Since FAe adaitional diesel qene/cwar 1S Iaterd e
as a /‘jolacemc,d» Ffor any one b¥ the eother Four dresel
generators, all five d/ese/gene/‘cu‘ors will no+ bé
/a¢ra.¢/nj dv‘ Yhe sSame. tim L -
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gccordance with routine plant procedures.

— E——

9.5.4 Diesel éenerator Funel 0i{l1l Storage and Transfer Svstem

9.5.4.1 Design Bases : *

any #our of the five Which could be
The Dieyol Generator Fuel Oil System is Adesigned.to provide
indepern/dent storage and transfer capacity to supply No. 2 Fuel c
0il toveti—feour diesel generator units operating at fnll load for |
an extended period of tine..i . ' |

~ Each of the skxdnonnted day tanks (one per diesel engine) on each
diesel generator unit has a storage capacity of 550 galloans. The
portion of the Diesel Generator Fuel 0il System necessary to 52
supply fuel for a minimum of seven days is located within the
- diesel generator gnildxngx e buxldingsﬂy.deslgned to Seismic
© Category I and 14 designed to thstand the affects of tornados,
credible missiles, floods, rain, or 1ce, as defined in

Chapter 3, Sections 3.3,. 3‘4.: ar"a.zid(-hona.( d.gsel genmﬁof bunld:ﬁ

Tho design code reqnirenent: for the system are as follovs'

-2 1, Didsol gonerator bnilding fuel oil storage tankx - Code for
Unfired Pre:sure Vetsels, ASME Section VIII, Division I

2., Piping frou fnel 011 stora;e tanks to 1nte:f;ce of ‘diesel
generator uaits - Boiler and Pressure Vessel Code, ASME 4]
Section IIX, Class III, v . l

3. Reuaining piping, valves, pumps, and agssociated equipment -

Power Piping Code, ANSI B31.1-1973. T
ver Tiping “ode and addihonal diesel generator

"The diesel fuel o0il storage tanks ar%(:;signed for embedment -
within the diesel generator building "foundations., The fuel oil
day tanks are skid-mounted on the diesel generator units, and

have an ambient temperature range of :0: to Ll-‘-!_g°F. IL.—&L&M—&LLM
O0—to—1002%, . up® ’

40 to°

The Diesol Fuel Oil System for the diesel generator umits is

- designed to meet the single failure critorion. That portion of
the systom from the embedded storage tanks to the diesel
generator units is designed to meet Seismic Category I require-
ments. The remainder of the system within the Diesel Generator 4§
Building i3 designed to. Seismic Category I(L) requirements.

9.5.4.2 Svystem Description

The flow diagram of the Diesel Gonerator Fuel Oil System is shown

in Figure 9.5-20xg The control and logic diagrams are shown in -
Figures 9.5-21 an:\e.5—22. respectively,

9.5-21
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The Diesel Generator Fuel Oil System consists of S;ﬁi enbedded
storage tank assemblies, onme for each diesel generator wuit, with
their assoclated day tanks, pumps, valves, and piping.

themselves are embedded in the Diesel Generator Building

substructure and have a capacity of 68,000 gallons of fuel for
each diesel genmerator umit, :

he tanks 49

Level switches are proiided on the
storage tank assemblies to provide the following functions:

1. Provide Ioénl fuel level indication.

2. Aanunciate an alarm in the Main Control Room when the fuctjﬂ

level drops below a seven-day sapply. L

3. Asnpunciate an alarm in the Main Control Room on high level
. above the pump shut-off setting,

4. Provide an interlock with the 200 gpm transfer pumps at the
yard storage tanks and in the diesel building fuel oil ,
transfer room, to shut off the pumps automatically on high |, . |
level . This interlock feature 1S not em lazwL thfnn st :j:p? Ag.dl‘- ;;‘,‘-Lf‘_{,ﬁi
ggisusa.f?:‘ “5?:"‘-{2-1:‘@“3) uel oil Yransfer Pump o ansd g fue 29
A trnck fill-connection, condensate sump suction connection, and
inspection-dipstick gauge manholes are provided for each embedded
storage tank assembly, The vents to the atmosphere on all tank
‘assemblies are provided with double fire screens to prevent an
outside spark from entering the assomblies and igniting the gases
within, All tank connections and vents are above mazimum flood
¢levation. That portion of the sevon-day fuel o0il tank vent

above the roof level is encased in reinforced concrete for
migssile protection. ' ’

52

Two skid-mounted, electriec motor driven, 15 gpm fuel oil -
transfer pumps are provided for each generating unit to tramsfer

fuel from the enbeﬂ%e&\storage tank assemblymes to the two skid- .
mounted day tanksopog generating unit. Each of these punmps ée'Supphcs

*rpebi-e—ai—suppiyine fuel to both day tanks.

Two sets of level switches are provided for each day tank and
associated transfer pumps. The level switches are arranged so - 49
that one pump will be the Primary pump and the other a

supplementary pump. The supplementary pump is provided so that

in the event of a failure of the primary pump, the supplementary 52
pump will start. In addition, these level switches provide bdoth

local and backnp remote alarms to indicate high snd low fuel oil
level in the day tanks.

From each day tank, fuel i supplied to the diesel injectors by 3
diesel engine driven pump., An electric motor-driven fuel pump {s
provided as a backup for the engine driven fuel pump. Separate T
suction and discharge lines serve esach pump. Each line has a s

9.5-22
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200 gpm transfer pump located adjacent to the yard fuel oil o ‘?
Storage tanks provide)X the following functions:

1. Transfer fuel oil from a tank truck to either of two yard
fuel o0il storage tanks.

2. Transfer fuel o0il from either yard fuel oil storage tamk to

the other.

- :fwe. .
3. Transfer/fuel o0il from either yard fuel oil tank to any one
: of the i il embedded fuel oil - S
storage tank assemblies, =

4. Reject fuel o0il from either yard fuel o0il tank through a
reject connection in the yard.

9.5.4.3 Safety Evaluation

‘ 49

With 60,000 gallons of diesel fuel in each fuel tank assembly,

and each assembly embedded in the concrete substructure of a

Seismic Category I building and separated by 18 inches of con-

crete, the diesel generator unmits will be assured of having at

least 7 days fuel supply for any of the conditions discussed in -

Section-9-.5.4.1, "The diesel generator fuel oil tank assemblies,
iping, and pumps are so arranged that mal function or failure of
ither an active or passive component associated with the source

of supply for any one diesel generator unit will not impair the

ability of the other sources to supply fuel oil to the other
units, :

' Each diesel generator is aligned so as to be able to supply power
to its own auxiliaries so that a single failure will not result

/Se.ism(ca.!ly_ qualifiéd - 200 gom fuel oil +ransfer umps are
also located in the diesel generator buildiaq (D6B) ard

ddi+ional diesel 9enerator bu}zd,'nj (ADG B).

The D6B Kiel o1l transter pumo will allow “ael ot ""/Z’F |
be <ransferreo. From any one OF +he Embedd e Tuc
0il Storage Tanks ul “+Ae DEB o any other embedded  _
+uel oil gﬁ‘o/a?e_ tarKs A the D68, ADGB | or Cither

yard. Storage Fank, | |

The ADGE fuel 0il 4rapsfyr pump Can Franster

-Puel orl #om Jhe ambeddeo'f e/ 01l Storaqe w{-'
Faak s IKA Yhe ADES +o, any ene of tYhe DGK embedd =
sfvraye. Fanks or <o @Qither Yard SH‘zarajc +ank,

9.5-24
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Tn +he Additional Diesel Generan
Buildin Agqueous Film Form:;z
Foam (ZFFF') fire Suporession Sy
/s useXk 'in place +he carban
dioxide: sqstem Lound in the d,gse‘
generator buzldmg
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in loss of more than one diesel generat
meets the requirements of the single failu

unit. The system thus =~ =+
criterion. -

As discussed in Section 9.5.4.2, all comnectionnand vents to the
atmosphere are above flood elevation. Tho vents 2 flame- ’
proofed. In addition, automati¢ carbon dioxide fireNprotection
is provided in the diesel building fuel oil transfer pypmp room
and the four rooms housing the diesel gensrator umits.

. - . M .
- . -

A 0.125 inch corrosion allowance has been provided in the design
wall thickness for the diesel generastor building embedded fuel
0il storage tanks. The interiors of the tanks were coated with
Humble Oil Company’s Rustband No, 357 for added corrosion pro-
tection. The fuel oil piping and fittings within the diesel
generator building have more than ample corrosion allowance,
having been designed per the codes noted in Sectioa 9.5.4.1, and
will operate at a pressure counsiderably below the maximunm
allowable for the size and schedule pipe fittings used.

It-is expected that additional fuel oil beyond that stored on-

“site can be procured snd delivered to the plant sjte within a
‘- ressonable period of time because of the following:

1: The plant site is served by.a railroad spur owned by TVA,

The yard transfer pump is provided for transferring fuel oil
from 8 tank car to either of the two fuel oil tanks in the
yard, or directly to the diesel fuel o0il storage tank
assemblies.

2. The possibility that the truck-fill comnections located
outside the Diesel Generator Building, one for each of the

five tasc diesel oil storage tank assemblies, might not be

accessible by truck under any weather conditions is very
remote, because Tennessee State Highway 68 provides yearround
transportation through the site ares.  In addition, two
.highways connecting Knoxville and Chattanooga, State Highways
29 (U.S. 27) and 58 pass within ten miles of the plant site.

3. If rail or road transportation is unavailable, barge or

tanker delivery can be accepted at the dock ares on the west 25
bnnk of the Ten;zfsea River ne}r the plant
A fail Jnodes aad & ects 2 Iysis

+h¢ Dz Gc dor F qe ands
rans, r b”#‘m ¢ presente i e Zact nera.. or Fuetl Oil S-i-orayc

i1a ?n‘lﬁ&'LA g lel- Ol b
M&‘L‘.&&.{_&W 3 T & < "

32

9.5.4.4 Tasts and Inspections
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ne engine~mounted, motor and engine-driven fuel oil transfer
pumps and day tanks were functionally tested in the vendor’s shop
in accordauce witn tue manufacturer’s standards to verify the
performance of the diesel generator units and accessories., The
fuel o0il transfer pumps in the yardyaad Diesel Generator Building,
vere cested in the manufacturer’'s factory to verify their
performance. The embedded tuel oil storage tanks were tested
with compressed #&ir to 20 psig prior to shipment to the plant

site, .

and, 74A :
The entire Diesel Kuel 0il Syytem was flushed with o0il and then : s
functionaily tested at the plant site in accordance with TVA . Q@g
Preoperational Test TVA-14A¢Y The Diesel ruel 0il System will be "

periodically tested to satisfy the Technical Specification 3/4.8;.
surveiilance requirement 4.8.1.1.2.

_ 55
9.5.5 Diesel Generator Cooling Water System and +he 0aé unet in +he 8
Q! 5.501 DeSI.QD Bases
< A closed-loop circulating water cooling systfem is furnished for
.9 each engine of the four tandem diesel generAtor units
-}> | housed within the Diesel Generator Building® These Buildings i-eare
-1 designed to Seismic Category 1 requirements, and ﬂ? designed to :
‘A wvithstand the erfects of tornadoes, credible missiles, ‘ - A/
hurricane's, tloods, rain, snow, or ice as defined in tChapter 3
gctions 3.3, 3.4, and 3.5)./ Each cooling system includes 2 55

vmps, neat exchanger expansion tank, and all accessories

required for a cooling loop. (See Figure 9.5-23). 10 preclude
tong term corrosion or organic touling the engine cooling water :
system requires de-ionized water with a corrosion inhibitor. The |[28] 52.
water Cuemistry is maintained in conformance with tue engine :
manufacturer s recommendations, General motors Corporation MI
1748. the closeda—100p engine cooling water is circulated through
the sheil side of each skid-mounted heat exchanger by two diesel- -
-engine snaft-driven pumps. Jacket water immersion heaters are
provided for each engine to maintain the jacket water within the 41

52

vendor recommended temperature range in order to reduce thermal
stresses and assure the fast starting and load accepting
capability of the diesel generator umits in performing their
requised safety function,

9562 System’

The immersion heater is emergized when the water at the

temperature switch falls to 125%F ~—t—3—monreonati= and goes off at
1559F 4~—t—3—poreemwt). A jacket water temperature low alarm 53
annunciates when the water at the temperature switch falls to

100°F fmwteBmpomeent) ,

Jacket water flows through the lubrication o0il cooler py ther-
mosyphon action when the diesel generators are idie. An elecctric

. moctor driven lubrication o0il circulation pump is also provided
for each engine to circulate the lubrication oil through the

ubrication 01l cooler, wnich is warmed by the engine jacket T

9.5-26
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water, and return the oil to the engine sump. :The jacket water - — - —
jmmersion heaters are controlled by thermostats, and the

lubrication o0il circulation pumps run continuously when the
engine is not running.

Each diesel generator unit is proviaed with two closed engine
cooling water loops (one for each engine), tor which the heat
sink is provided by the Essential Raw Cooling Water (kRCVW)
System. (refer to Sectiom 9%.2.1) The ERCW flows through the tube
side of the skid-mounted heat excpnangers. ' 55
. 4.5.5.3 Safety Evaluation _ :
The cooling water is supplied to the heat exchangers of each
diesel generator unit through redundant headers of the ERCW
System., The systém isolation valves ars so arranged as to provide
the capability to isoiate either cooling source in the event. of a
component malfunction or excessive leakage from the system.
Refer to Figures 9.2-1 through 9.2-4, Therefore a mal function
(single failure of a component) or loss of one cooling water
source will not jeopardize the function of a diesel gemerator
unit., Bouth the air-start piping and casbor—dioside fire
protection piping located in the vicinity of the Diesel Genmerator
Cooling Water System are designed to Seismic Category I(L) to
ensure that no seismic event will degrade the functional
capability of the Diesel Generator Cool1ing Water System.
9.5.5.4 Tests and In_spcc-hécu .
The ERCW System within the Diesel Generator Building was hydro—
statically ctested to 240 psig and functionally tested on the

130
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plant site in accordance with TVA Preoperational Test TVA-18,-I‘+E',and 73¢C,

All system compoments are accessible for periodic inspections
during operation, The diesel Generator Coolant Water System is
periodically tested to satisfy Technical Specification 3/4.8.

adations are . .that the-Jdiesel sAn‘--Qn—e oot

cont agouns rated load. For all situationms, TVA has loads
sly available to the operator that exceed 50% of ¢t

The manufacturer
tested for no-load

as indicated that the diesel en
eration for four hours,

es have been

After four hours of operanjon at less tha
diesel generator is run at a
least 30 minutes.

O-percent load, the
50-percent load for at

The diesel generators will an
signal and if off-site pow
generators will be put
hosr period is gndod

y start on an accident
remains aviilable, the diesel
¢k in standby condition before the four

er an accide situation when the diesel gensrat has run for
'extended _period of time at low or no loads, the loa™is

increased until the exhaust smoke is approximat
dense as normsl. The increasing load is then stopp
the smoke clears. This procedure is repeated until full

can ha saseiad wieh o <l1aa- ozxhasnsd

All skid-mounted Diesel Generator Cooling Water System compoaments
are iaspected and services as specified in the schedunled
maintenance program for the Watts Bar Nuclear Plant diesel
generator units.

9.5.6 Diesel Generator Starting Svstem
Q.5-6.1 Deagn Bazcg, " five
Bach diesel engine associated with the feowe tandem diesel gen~
erator naits is equipped with an indepeandent pneumatic starting
system. See Figure 9.5-24, The Diesel Starting Air System
components are boused with their respective diesel generator
uanaits within thﬂa éesel generator rooms -in the Diesel Generator
Bailding,\vhich 2 a Seismi C 1 ucture deosi

3 i ismic Cateogry structur signed to
withstand \he effects of tornadoes, credible missiles, floods,
rain, snow,\or ice, as defined in Chapter 3, Sections 3.3, 3.4,

and 3.5, and. ADGB |
9.5.46.2 System eri n : -
Each diesel engine has two pairs of air starting motor unijts

(heace, there are four pairs per diesel generator unmit), aad_sny
XN - . WY 13 Bt e n;.;‘h!'

y . A .. P> I 1 a
St gt 2T 13-

A set of two skld-mounted air accumulators is provided for
diesel engine; four accumulators per diesel generator unit.

P . AW

4y

28

minimum of Two pairs of air Start moters are needet

+0 S+aprt +he diesel 995/574{374”- uni¥.
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The accumulators are 30 inches in diameter and 104 inches long,
and are designed in accordance with the ASME Boiler and Pressure
Vessel Code, Sectionm VIII, PEach set of accumunlators is sized for

t compressed air storage capacity sufficient to ocedmk the diesel
generator unit five times without recharging. One accumulator of
each set serves as a standby for the other (primary) sccumulatory
of that set. Each set of accumulators is equipped with pressure
ganges, drains, shutoff valves, safety relief valves, check
valves, instrumentation, and controls,

Two 480-volt a.c., motor-driven compressors supply compressed air
to each of the two sets of accumulators for each diesel generator
unit. PBach compressor is sized to recharge any ome accumulator
of a set from 150 psig to 250 psig within 30 minutes. Controls
for the compressors have been designed for amtomatic start- stop
operation (start at a falling pressure of 200 psig, stop at a

Start

rising pressure of 250 psig). Manual test-start selector ‘/-ﬂ?sﬂuw Switches

switches are also provided for each compressor. Tosnamitte®e are
provided on each Air Starting System for actuating low air

pressare alarms both locally and in the Main Control ROOm (see
Fxgure 9.5-25,
s gach

The %we supply eéaders from *he air compressorx to the isolation
cheok valveX onYewreonr skid-mounted accumulator are desxgned to
Seismic Category I(L) requirements. To prevent moisture and rust
accumunlation in the air starting system, a2 fully auntomatic .
heatless air dryer has been installed between the air compressor
and the accumulators. The air dryer unit contains dusl desiccant
drying chambers which are alternately cycled through drying and
regeneration cycles, a forced air aftercooler, and associatsd
¢ycle and fan controls. One chamber of the desiccant dryers is
on stream at all times. Moisture traps are also located
downstream of the dryers to collect any residual moisture. The

"two air storage systems for each diesel genmerator unit provide

redundancy so that a single failure will not jeopardize the
design starting capacity of the systenm.

9.5. 6.3 Safety Evaluztion

All equipment necessary to :tatt the diesels upon receipt of a
start signal is Seismic C;tegory I.

The diesel air start system is classified as quality gromp C.
Section B of Regulatory Guide 1.26 discusses quality groups A
through D and generally the types of equipment falling in each
group., Section B also discusses systems and ¢omponents not
covered by groups A-D, Examples of these non-covered items are
provided in Regulatory Guide 1.26 and include instrument and
service air systems, auxiliary support systems and diesel
engines. Part NA-1130, Section III of the ASME code states that
drive system and other accessories are not part of the code.
Regulatory Guide 1.26 states that non-covered items should be
designed, fabricated, cractod snd tested to quality standards
commensursate with the safety functions performed As 3 quality

9.5-29
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A crankocase pressure detector assembly is provided to cause the

9.5-30

group C system, it is considered to meet quality standards 24
commensurate with the safety function performed.

The piping for the 2ir start system is d(signed to minimize rust
accumulation in the system. Moisture is accumnlated at the lovw

points in the system and removed by administrative blowdown

procedures. A stralner is also provided in the air start piping
,8ystem upstream of the air start motors which prevents carry over

of 0il or rust, etc., to the motors. Aam o0il mist type lubricator 28
locsted in the air start system piping downstream of the line

strainer and before the air start motors, provides lubrication

for the motors. The typical arrangement for each engine is a -
strainer and lubricator for each pair of air start motors. The

diesel starting air system is shown in Figure 9.5-24xand 24a -
4.5.6.4 Tests and Tnspections _~dad. TVA-748
The entire Diesel Genmerator Starting System will be functiz;;{qz

tested in sccordance with TVA Preoperational Test TVA-14BX K The

system will be periodically tested to verify its ability to

function as part of the diesel generator unit to satisfy the 24
Technical Specification 3/4.,8 surveillanmce requirement 4.8,1.1.2,

Under normal standby conditionms, the Diesel Generator Starting

System is maintained and inspected at intervals as prescribed in

the plant maintenance instructions for the diesel generator - ‘
saits. D - : 52
9.5.7 Diesel Bngine Lubrication Svystem 7 o

9.5.7, 1 D€sigqn Bases ‘ R o . '

The Diesel Engine Lubrication System for each diesel engine shown

in Figure 9.5-26, is a combination of three subsystems: the main
lubricating subsystem, the piston cooling subsystem, and the

8cavenging oil subsystem,

The main lubricating subsystem supplies 0il under pressure to the l 52
various moving parts of the diesel engine, The piston cooling )
subsystem supplies oil for piston cooling and lubrication of the

piston pin bearing surfaces, The scavenging oil subsystem

supplies the other systems with cooled and filtered oil. Oil is

drawn from the engine sump by the scavenging pump through a

strainer in the strainer housing located on the froant side of the
engine. From the strainer the oil is pumped through oil filters

and 8 cooler. The filters are located on the accessory racks of

the engines. The 0il is cooled in the lubricating oil cooler {as 52
shown in Figure 9.5-27) by the closed circuit cooling water

system in order to maintain proper 0il temperature during engine -
operation. :

The required quality of oil is maintained by schednled

maintenance of strainers, separators, and filters and by oil

changes in accordance with the engine manufacturer’s .
recommendation, b
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, grankease
engine to shut down in case the normxl negative crankcase
pressore changes to a positive pressure, This is 2ccomplished by 28
crelleving the oil pressure to the engine governor. The ¥pressure
detector shutdown dsvice is operative only during diesel

generator testing;, see FSAR Paragraph 8.3.1.1 under the heading,
*Standby Diesel Gomerator Operation.’

An overspeed mechanism is provided to shut down the engine bdy
stopping the injection of fuel into the cylinders. should the
z eagine speed bdecome excessive, '

i q.5.7.2 System Description

N ¥Yhen the dicsel genmerator units are not operating but sre ian the -:°
standby conditionm, the auxiliary oil system is used to circulate ;
the 0il throagh the engine cooler where {t is warmed dy the
cooling water, (Refer to Section 9.5.5, Diesol Generator Cooling
Yater System.) Thus, the eangines are Yept in coastaant rosdiness
for ac immediate start.

The lubricating oil and piston cooling oil pumps asre of the

positive displacement helical gear type, mouated externally on

the front of the engine for sccessidility. They are gear driven

from the diesel engime. All lubricating oil pumps are mounted on Y

the diesel engines, skid, or DGB.floor. | s idor building
&(Ot‘ ADGB) or +he additiona genera g

- five
Each of /the engines in the tandem geansrator

its ownf lubricating o0il systeama, which is integral part of each
of the diesel generator uanits (se igure.9.5-27) hounsed oﬁgv"\“‘ *pouf
within the Diesel Generator Building? Tho¥diesel generators have
been modified to add engine manafacturer’s recommended )
improvements to the lube o0il system (MI 964). 4This modification
includes tho addition of an a.e., motor driven lube o0i]l pump and »
d.c., motor driven suzxiliary lube oil paomp. The 2.c. lube oil
pumps circulate ludbication oil comstantly to provide adequate
labrication of the turbocharger bearings prior %o emgine start,
removes rosidual heat from the turbocharger bearings after engine -
shatdown, and circulates warm 0il through the oil system to keep
the engine in a constasnt state of resdiness for an immediats
start.q The Diesel Genorator Building e éasigned to Seismic
(’E:???ny I roquirements, tnd.ledesign d to withstand the effects
of tornados, credible missiles, hurricanes, floods, rain, snov,
or ice as defined in Chapter 3, Section

ts is provided .with

3.3, 3.4, and 3.3, ., .
The QdAri+1ena.
The diesel lubricating oil instrumentatida alarms are sctivated diesel gnerat
to signal on any of the following coaditi unt ¢ DsU) w.

. ) purchased Wi

1. Low standby laobricating oil pressars .. +his madr'-fz‘a:
| and additiona! , rres

2. Lov engine lubricating oil pressure diesal genera'for' Already inclua

3. Low crankcase engine 0il level bu'l(dl'ﬂj

4. Low eagine o0il pressure st idlo

\TM' d.c. Lube O/l Pump Serves as a backup o the ac pump
and removes héa+ 9.5-31 _ﬁ/.o”‘ YLhe ’Lu/tDChd:ZCr -

bea.ffr;js Should the engine be Shut down without A€
powe avallasvle, :




 WBNP-55

(D( addihonal genqra_-}é(‘ A Sy |

High crankcase pressure buﬂdahg)

Local engine oil pressure and temperature gaugoe's are provided.

The

diesel lubricating oil instrumentation alalrms visually and

8udibly in both the Diesel Genmerator BuildingPand Main Control
Room. Each diesel goenerator is arranged so as to be able to
supply power to its own auxiliaries such that a single failure

wil

1 not result in loss of more thanm one diesel generator unit,

4q5.7..3 Sa'Feiz g’ﬁ‘sé+!.°n . 330

Each engine crankcase sump contains #6® gallons of lubricating

oil
loa
oil

the plant’s power stores to replenish the engines for longer 55
periods of operation and to "top off" the engines after their NEW [P
peviodic test operations as specified in the Technical »

. ample for at least seven days of diesel generator unit full
d operation without requiring replenishment. The establ ished

consumption rate is 0.83 gallons per hour. An additional fﬁl
standby oil reserve of approximately 935 gallons is stored within

§Egcifications.( The diesel generator lubricating oil system V¥ 9 5.7 o

components are inspected and serviced as specified in the TESBAND LNSPFETTON S

"Scheduled Maintenance Program for the Watts Bar Diesel Generator

Uni
inc
Thi
qua

®

9.5

ts." The inspection and service of. the lubricating oil systems
fudes visual checking for, and the correction of, o0il leakage.
S program sets overall standards and testing instructions to

lity all lubricating oil for use in the diesel generator
ines.

-8 Diesel Generator Combustion Air Intake and Exhaust System

8.1 Design Bases

Each five tandum
Thee tandome dieselkfngine associated with each of the f£owr diesel

Int
are

Generator Building.

Ir

generator units ase equipped with an ind%ﬁiggjnt Combustion Air

ake and Exhaust Subsystem. The four ¥y sttems for the plant

housed in physically separatedaggoms within the Diesel '
ThestBujldings £ designed to Seismic Category

ars

equirements, andl|%e designed to withstand the effects of

tornadoes, credible missiles, hurricanes, floods, rainm, snow, and

ice
Int
s0

uni

dassociated with any si

the
the

9.5

The

Intake and Exhaust System is s

dia

Gonerator Combustion Intake and

as defined in Selctions 3.3, 3.4, and 3.5. The Combustion Air
ake and Exhaunst § bsystem piping, filters, and silencers are
arranged in the individual rooms for each diesel generator

t that 2 malfunctidm or failure of any system component .
gle unit will not impair the operation of

other units. The shyb-system thus meets the requirements of
single failure critevion.

.8.2.

general arrangement of t Diesel Goenerator Combustionm Air

owvn in Figure 8.,3-1, The flow
S-29 and 9.5-30. Each Diesel
Xhaust Subsystem includes an air

grams are shown in Figures 9

35

41

The add.itional diesel qenerator is located=

In Its Own bu:ld:’rv hich 18 Physically

9.5-32 Separa+ted. from

+he Diesel Generator

ilding housing the 0ther four diesals,
ThQ Conl bus+imn “Qir Intake 4nd E€Xhaus+

ﬁ-a-fems are arr-anje¢ n & Mannar
Hh for

e arra ng‘m e+
At Intake d €x

Qach of
haus+ Systermns,

he

\milae
our a:esel_al .
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‘. (or addrhonal generan‘“ o
High crankcase pressure buﬂd“’q?) SRR

Local engine oil pressure and temperature gauges are provided,

The diesel lubricating 0il instrumentation alarms visuoally and

audibly in both the Diesel Generator BuildingPand Main Control

Room. Each diesel generator is arranged so as to be able to

supply power to its own auxiliaries such that a single failure

vill not result in loss of more than one diesel generator unit.

4.5.7..3 Sa-Feﬂ Evalyg+tion . 230 o

Each engine crankcase sump contains <48% gallons of lubricating

oil, ample for at least soven days of diesel genmerator unit full

load operation without requiring replenishment, The established .

0il consumption rate is 0.83 gallons per hour. An additional -

standby o0il reserve of approximately 935 gallons is stored within-

tho plant’s power stores to replenish the engines for longer . 55
periods of operation and to "top off" the engines after their

periodic test operations as specified in the Technical ‘,NEw P

cifications./ The diesel generator lubricating oil system V9 5.7

components are inspected and serviced as specified in the TESTFAMD INSPECTION S
“Schedul ed Maintenance Program for the Watts Bar Diesel Generator
Units." The inspection and service of. the lubricating oil systems
ilncludes visual checking for, and the correciion of, oil leakage,

This program sets overall standards and testing instructions to T -
quality all lubricating oil for use in the diesel generator ' 28

‘ine s.
-8 Diesel Generator Combustion Air Intake and Exhaust System

9.5.8.1 Design Bases .

Each five +andum

Thoe tandem dieselkfngine associated with each of the fowr diesel

generator units ase equipped with an independant Combustion Air

Intake and Exhaust Subsystem. The four vy Eystems for the plant , -

are housed in physically separateda;goms within the Diesel ’ 35

Generator Building, TheBuildings = designed to Seismic Category

I requirements, and{%%d designed to withstand the effects of

tornadoes, credible missiles, harricanes, floods, rain, snow, and

ice as defined in Sections 3.3, 3.4, and 3.5. The Combustion Ajir

Intake and Exhaust § bsystem piping, filters, and silencers are e
$O arranged in the individual rooms for each diesel generator . ' 7
Bnit that a mal functidn or failure of any system component .
8ssociated with any si gle unit will not impair the operation of

the other units, The s b-system thus meets the requirements of
the single failure cecrite ion.

9.5.8.2° Svstem Descriptio

The general arrangement of ¢ Diesel Generator Combustion Air

Intake and Exhaust System is s{own in Figure 8.3-1. The flow )
diagrams are shown jg Figures 9\5-29 and 9.5-30. GEach Diesel 41 -
Generator Combustion Intake and Exhaust Subsystem includes an air

The additional diesel qenerator is Jocated
In jts 0wn bujld/f w,i:cl, 18 phyalca.lly
9.5-32 SOfo.t‘a+ed- -Fromv-l-he Diesel Genergtor
' | Building housing the 0ther four diesals,

T)\¢+ Com bustion Qirinhl:e ;‘41:. e:hau’d-hh
Items are arranae tn o n Lad milay
the arcansementd for each of tne four diesels

Air Indmke A Oxhast dusterna. --



coldihinal diesel 3o_nerd.+o( bu;ldr'né

inteke filter, esir iAtake silencers, nd piping of the air intake
subsystem from tho ir intake to its donnection to the engine;
and an exhaost silencor and piping of {the exhaust subsystoem from
{ts convec-tion tofthe engine to a poijnt just above the Diesel -
Generator Building¥roof level where tHe exhasust exits to the
atmosphere. As shown in Figure 8.3-1)/ the major components of
the Diesel Generator Combustion Air d Exhaunst System are housed
within the Diesel Generator Buildingpwhich provides protection
from missiles, snow, and ice. That portioa of the exhaust sub-
systems exposed sbove the roof level is short and below the
parapet level to reduce the vulneradbility to tornado missiles.
Drain holes are provided at sppropriate points-to expel ahy
rainfall that enters the exhaust piping. o

37

\X!

9.5.8.,3 Safety Evaluation . T

The Diesel Genmerator Combustion Air Intake and Exhasust System is
designed to function before, during, and after a SEE, to ensure
that a seismic event will not degrade the Combustion Air Intake
and Exhaust System to the point that the funmction of a diesel
gencrator unit is jeopardized.

An analysis of diesel generator exhaust recirculation utilizing s
model developed by Halitsky 1 for transverse jet plumes, i
estyblished.that the exhaunst plume will be carried well above €he
Tevel of the air intakes and thus will not degrade the intake
air, The diesel genmerator units can withstand a concentration of
20 percont carbon dioxide (by volume) in the air intake stream
and continue to function at rated, full-load power. The
redundancy and separation of the four intake and exhaust
subsystems are discussed in Section 9.5.8.1, The protection

against missiles, snow, rainfall, and ice are discussed in
Section 9.5.8.2.

A faid I PR . . : I D; G

| NPV T o B | QQA-‘;- obdeel bl oc Subesuetem 1o nfninn!AL in Tabhle
9—5—3. A failure modes and effects analysis for the Dxesel
Genperator Ventialation Systenk is presented in Table 9.4-4,

OM +he Thtake and Exhaus+ qu&./.s’-e.m

-

28
l39

9.5.8.4 Tests and Inspection

After installation the entire Diesel Gonerator Combustion Air
Intake and Exhaust System will be functionally tested on the
plant site in accordance with TVA Preoperational Test TVA-14EX dnd'J4'E,

Fach Diesel Generator Combustion Air Intake and Exzhaust Subsystenm
is periodically tested to verify its ability to fumction as part
of the diesel generator unit in accordsace with Technical
Specification 3/4.8, surveillance requirement §.8.1.1.2.

Under normal standby conditions, the Diesel Generator Combustion
Air Intake sod~Erirywsye Scbsystem is inspected at intervals as

9.5-33




" TABLE 3.2-1

CATEGORY I STRUCTURES

@ 1. Reactor Building (Shield Building, Steel Containment Vessel, v
and Interior Concrete) - —

2., Auxilisry - Control Building

s, Auxiliary building portion

b. Additional equipment building portion
6. Control bay portion

d. VYaste packaging ares

3., Condensate Deminerslizer 'nstovanpo::tor Building

4, Class 1B Electrical Systems, Manholes, Hardholes, Conduit and
. Conduit Banks

5, Diesel Generator Building
. 6, ERCY Pipe Tunnels and RWST Foundations
7. ERCY Structures

L

8., North Steam Valve Room .
9. Intake Pumping Station ank Retaining Nalls
@ 10:"” AddThidnal Diese! Generator Bu'l!dn'nj

Revised by Amendment 51




Tage 3.5-17 | | : ,rpﬁ,,u{
JokNnACa M:s#iazi'--’SPScTéuM D | Néw
o dddilimed Daicef Sowiton Building el . =

 aed ol limal C;;&;Vné?.lf ATt e
“fb“ M 1979.

- —

Horizontal

Hissile Weight : Velocity
.Descriotion (1b) Cross Section Length (ft) (fr/sec)
Woodea Plank 115 4" x 12" 12 272
Steel Red 9 1" dia 3 167
6" Schedule 287 6" dia 15 171
40 Pipe
12" Schedule 750 12" dia 15 154
40 Pipe
Utility Pole 1124 13-1/2" dia 35 180
Automobile 4000 6.5' x 4.3' 16.5 196 _
Note: Vertical velocities of 70 percent of the postulated horiéontal velocities

~ velocity equal to its horizoumtal velocity (167 fps). These missiles are

are acceptable except for the 1 inch steel rod which shall have a vertical

capable of striking in amy horizoatal or downward direction and at all
elevatious. : '




TABLE 3 5-,8
FOR  THE ADDTTIONAL NDIFSEL GENERATOR
BUTWOING ANO ADODITIONAL CATAGORY I
STRUCTURES ADDED AFTER VLY 1977

HMinimum Wall and Roof Thickness Requirements g_‘("
To Resist the Effects of Tornado Missile Impact -

- - o . .

" 28-Day -

) : Concrets . Vali S éoof
Tornade Intensity Strength  Thickness Thickness .
Regzion - - (PST) (Inches) .~ (Inches)
Regiom I .. 3000 -, 23 . 18
4000 - © 20 16

SLoseo0 .18 14



TABLE 3.7-2A
_ Criteria A
© DAMPING RA:10S USED IN ANALYSIS OF CATRGORY I STRUCTURES,
D, SYSTEMS, AND COMPONENTS BY TVA

Damping Ratio, Percent of
Critical Viscous Damping

Gpéf&+"lj 60-5!5 +2—S=fe—Shrotdowr  Safe Shutdown

Item Earthquake Karthquake
Steel Containment Vesses ) 1 1
Concrete Shield Building 2 5 7%
ﬁg% and Internal Concrete Structure
Other Welded Steel Structures 2 2 5%
Bolted Steel Structures ' ) 5 7
Other Keinforced Concrete Structures 5 ' S 7°*
Bolted or Nailed Wooden Structures | : 7 10%
Damping for Determining Ampl ification 10 10
tnrough Soils for Soil-Supported !
Structures ~ :
VitaliPiping:Systems“ ‘ 0.5 ’ 1

*Damping value used when stress levels are at or pear yield.

$*As an option, tor some cases of piping response spectrum seismic
analysis, variable damping of 5% to 10 hertz decreasing linearly to
2% at 20 nertz and remaining at 2% to 33 hertz was used for both 1/2
SSE and SSE as described in ASME Code Case N-411.

Revised by ..mendment 355




S | *~~“’”ﬁ6t6—~37-g3~—_k
- - Cri#eria B = f_ |
PAMPING RATIOS USED IN ANALYS!S OF CATFGORY | STRICTURES, Ivc:ﬁLe

' SYSTEMS, AND C()lPUNB"TS BY TVA ~
‘Damping Ratin, rerceat of

Critical Viscous Damping
‘ Opera"f'\ns Rosis  Sate Shutdown

Item Earthquake earthquake
Steel Contaimment Yessel | 2 4
Cogcrete Shield Building , Y 7

snd Internal Conmcrete Stractur
Other Welded Steel Structures 2 y
Bolted Steel Structures .| 7
Other Reinforced Concrete Structures L N 7
Damping for Determining Amplification - i

through Soils for Soil-Supported : (5"7!'&\\'\' &Q?M\Q)NJY_}

I Structares _ . ' '
& Piping system, all dianmeters ’ o ) 2 ' 3
greater than 12 inches ¥
Other piping systems : ' 2
Equipment 2 3

*As an ?ption. tor some cases of pipin"g response spectrum seismic
analysis, variable damping of 5% to 10 hertz decreasing linearly to
(% at 20 Bertz and remaining at 2% to 33 hertz was used for both 1/2
SSE and SSE as described in ASME Code Case N-411.




' TABLE 3.7-3 :

UPPORTING NEDYA FOR CATEGORY 1 STRUCTURE

e m e e e g

Noxth Steam Valve Room
ERCY Intake Pumping Station

ook~ or gagtor
' . i
.. : i
. " §hesr Wave Veolocity i f
Strugturoes —of Bedrock, fps .
8helld Building 5900 -
Intsrior Concrote Structure . 5900 L :
Auxiliary—-Control Building 5900 ;
Steol Containment Vessol ' 5900 . P
5900 : ‘ . i
i

. Soi)-Supported Struotnres . .
Shear Vave ’ :
: Foundatlon Structure Inbedment Overburden Veloclty .
Strugtur Dimensjon, Ft, Hojght, Ft, Depth, Ft, Depth, Ft, FPS . R
. : -
Diesel Gonorator 120 x 93 42 : 10 33 .1650 o
Bullding ) .
Waste-Packaging Aroa 42 x 84 43 1 30 " 1650 o
Rofueling Water 43 Diamster 3 -0 33 1008 - ' ‘ o
Storage Tank :
Pile Supported Structugoes .
Shoar Yave F
Foundation - Structure Inbodment Overburden Velocity No. Of . : i
Strvcture Dimensjon, Ft, Height, Ft, Depth, Ft, Depth, Ft, FPS Plles ¥
Condonsato Demin-— . 54 x 41 59 . 1 33 ’ 761 150

erslizor Waste
Evaporator Building

Addihoial Desel 53x96 32 Iz 33 heeo 1S9 B
Generatof Buc'ldu')] e
_ Rovised by Amendment 51 - : e




E_ = 720,000 K/ £t

ew e

4 TABLE 2.1-23B ©

ADDMONAL DIESEL GENEZATE. 8UILDING.
ELEMENT PROPERTIES

G_ = 288,000 /el

North-South Motion East-West Motion
Element Length Are Moment of Shear Moment of Shear
No. Ft Ft Inertia, Ft Factor Inertia, Ft Factor
1 8.875 788.2 893,615.0 1.82 315,249.0 3.57
2 8.875 781.3 864,198.0 1.83 311,198.0 3.58
3 6.75 838.2 802,469.0 1.84 318,336.0 3.30
6.75

834.7 783,662.0 1.86 315,394.0 3.29




“TABLE 3.7-23C - | - -

ADOTIONAL B ESEL GEQEBATOR BUULBMNG C— =

MASS POINT PROPERTIES

Weight Moment of Inertia K-th

Mass Point Total Wt, Equipment Wt, North-South East -West

No. Kips Kips Motion Motion

1 8892.0 225 0.10% x 108 0.3574 x 107
102 1043.0 0  0.120 x 107 0.4440 x 10°
103 1820.0 so  0.1214 x 107 - 0.1043 x 107
104 910.0 0 0.8153 x 10® * 0.3337 x 10°
105 1538.0 | 0 0.6527 x 10°  0.8979 x 10°

i




Mode
No.

“‘6@ TABLE 3.7-23D . _
ADDITIONAL DESEL GENERATOR BuilbDinG

NORMAL MODES OF VIBRATION

East-West Motion
Frequency, Hz

North-South Motion
Frequency, Hz

23.08

32.44

—
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\A\v 4&17/ ZaonliLl \’?/ff £/ L e QTDE. 3//473/ A/ 6 - ——
@@5 Lol Comdala 770»/5 Qﬁ,«/lﬂwﬁ QL LoD _ mvsr:o ' oate . ___
o remy i - 2= —. i CHtCK(ﬁD Tty ______D._A,rtv L e —
0 T Definition of Load Terms =M P e - e r———

The following terms are used in the locad combinatio ons for 71,4_0 .
R e e Y g).e:w/ Gegen ~ 54//_@ .....

Nosrmal loads, which are thoss lcnda r.o'{mcountered during moramal ——
plant opex'ation and shutdown, include.

—— e e @

x.'[". ‘% l -y

D - Dead loads or their related internal moments and forfes including

any perzanent equimment lcads; all hydrostatic Xoads; and earth
loads applied to horizonmtal surfaces. '

L - Live lcads or their related intermal mcments and forces irlx:l)prg
any movable equipment lcads and other lcads which vary wis
intensity and occurrence, suwch as lateral soil pressures.

™1

200 1b/¢t2 or equipm/knad (floors) /

S0 1b/7%2 on roof

L, - Construction live lead = so 1b/ft2 /

.eonditions, based on the most critical transient or st

- T = Thermal effects and lcads during mormal operating'a- shutd g

o

y-state
condition.

Ro - Pipe reactions during rormal operating & shutdown conditions, —____
- based on the most critical transient < steady-state condition. -

Severe environmental lecads include: —

E - Lcads generated by the OBE. /

TTTTTrTTTTTT

W - Loads generated by the desi,gn wind speciffed for the plant. See
"section 3.3 of FSAR. '

Extreme envircnmental lecads include:

T

E' - Load generated by the SSE. /

F - Hydrostatic lcad from design basis flood. /

T

Wt - Lcads generated dy the design tornado specified for the plant.

Tornado loads include loads due to the/w’r"na_do wind pressure, and
to tornado-generated missiles.

IRERRERREREEEE

}_- -
[
' = W, = 4 (tornado wind) (see section 3,3 of FSAR). - N —
— wY s (ﬁrn-/o presddiee it erear /a/)( See 5K/m 3. 30/);5'42/ L
W, = J; (tornado, missile, see table 3 ¢..r7l _ :
| — e Yoyt :w,, — —_
Wt s Hw

46
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. . ; T s o __SHECKED, ' o OATE

1
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Concrets Structures / T e T

a. For service lcad conditions, the strength design method was used s
and the following lead combinations were considered.

L . U=z148D+1,7L — —
| 2 U=14D+1,7L+1.9E « —
- 3. U:’.u D*107L¢1t7w /’:- :

_ —
) If thermal stresses due to T and R, are present, the following .
- combinations were also considered. . ,
- — —
: 13.. U H (0075) (1.’" D+ 1.7 L + 107 To + 147 Ho) / A
- 23. U s (0075) (1.2; D+ 1.7 L + 109 E +* 1.7 To +> 107 Ro) )
- . 0= (0.75) (1.8 DT L+l 7W+ 17T + 1.TR) _~
~ Both cases of L having its full value or being completely adbsent
— - were checked. In addition, the following combinations were
- considered. : - :
i . | 2N —
h— - a's U=1.2D+1.9E / - , _ ‘.
i ~3a'« U=21.2D+1.7W / -
S - . , . . . _—
'- Where D or L reduce the effect of the loads given above, the L
b corresponding coefficients were taken as 0.90 for D and zero for
: « The vertical pressure of liquids was considered_as dead lead _—
o with due regard to variation in liquid depth. _—"
1_ b. For factored lecad conditions, which represent extreme _
environmental, abnormal, abnormal/severe envircnmental and -
= "abnormal/extreme enviromfiental conditions, the strength design
: method was used and~fhe following lead combinations were EE—
' considered, 3 -
— } . _
L 8, U=D+L‘+TO+R°+E"/ -
_ 5.'U=D+L¢T +R°+Wt/ -
f~ ©. Other lcad conditions: B —
I_ 9. U=1.8D+ 1,41 / N
;E—- 10.U=D+L+F_/°. —
I~ Steel Structures :
— —
Ii__ a. For service lcad conditions, the elastiec wrking stress desig B —
i methods for Part 1 of the AISC speciflcations were used and the -
T~ following load combinations were considered. — -
! 1« S=D+L -« _ i
— 2. S=D+La4E : |
. 3 S=D+L 4w '/. ——;——
i ‘
N S N T S T S R S S T |
] I | i | i I i | | | s | ;

|
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If therml stresses due %o T_ and R_ are present, the following

coabinations wers also considared:

1a. 10533D¢L4T + R ' . —_— ——
2a. 1.55=D+L¢‘1‘:¢Rg+3// —_—
3a. 1.55=D+La+T +R ¥ -

Both cases of L having 1ts full value or being completely absent/—~———-——
wers checked., :

e e o= a3

FTTTTT ]

R

'— B, For factored load conditions the following load combinations were

o considered:

— . 1S =Dal T +R +E - —
i 5. 1.65 =D+ L +Tg+R+W, _
- In the above factored load combinaticns, thermal loads were neglected =
i when it was shown that they are secondary and self-liytn’g in nature ——m—
,‘_ and where the material is ductile. :
! Uplift, Overturning, Sliding, and Flotation - ';
= A !
T Notation )

!_- The following terms were-used in calculation of loads for uplift,.

T overturning, sliding, and flotation:

{ D, E W E, W A defined in section 2.1

: H Lateral earth pressure

—_ Buoyant force from design basis flood

v Fy Buoyant force from normal ground water .-

Requirements of Category I Stmc‘\:ures
The following minimum factors apply for the load conditions given., -~

Minimum Factors of Safety

Load Combinatien Overturning Sliding Flotation
D+H+E 1.5 1.5 .. —
D+BHa+ W 1.5 1.5 /; -—
D+H+ E 1.1 1.1 ~ -
D+B+ ¥ 1.1 1.1 — —— -
D+F © — . 1.0 _—
D+ Fb ——— o=a 1.5

[

e

e ——

! o l
! ' !




' ) PIESEI. FUFI, OTL STORAGE AND TRANSFER SUBSYSTEM

TABLE L. 5-2 .

FAILJRE MODE AND EFFECTS ANALYSIS . R

“4ode of Operation: 1-Hot Standby,2-Startup, 3-Power Operation,Q-Nnrmal Sautuown, 5-Emergyency Shutdown,b-Design BPasis Event

*Mode o€ Oper. Failure Method Effect On
Component Function 12345868 _Mode of Der. Subsystem System Remarks
1. 7-Day supply fuel atorage Rupture Low level alarm Fail- . None-
tank (68,000 gal) : ' Loss of Redundant
fuel subsystem
2. Transfer pump Transfer fuel from " Fail to run None : None- None-
7-day to day tank ) Redundant kedundnat
pump subsystem
Fail to ttigh fuel oil None - None-
shutoff level alarm on Overf low Pedundant
. day tank to 7-day subsystem
: tank
3. Check valve Maintain fuel in Open None None None~-
suction line through Redundant
pump when pump is subsystem
stopped - * '
Closged Hone None - None-
Redundant Redundant
pumn and. subsystem
check
valve
cra day tank ta Opan.

Jllt:h lausd 'Nnng— . None=
- alarm or day C:E:Eég!___ﬂ&%uﬂdﬁﬁf—"—_

tank - =day suhsyste
tank

receive fuel from

Falil- None- Valve has ual
a~da¥~_~__\:3 fuel to Redun- override
tank . 'y‘tang‘_‘gant valve
= : : —Syst so¥e
4} )( NDay tank 1 Fuel storage Pupture Low level Fail- None-
(550 gal) alarm on dav. No fuel fedundant
tank Ly subsystem
: . ST
j; . Day tank 2 . Fuel storage . Rupture Tow level . ‘Pail- None-
(550 gal) : alarm on day No fuel ‘Redundant
’ tank subsystem
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